This paper was first published in the proceedings of TRIZCON2005, the meeting of the Altshuller Institute
in Brighton, M1 USA, April 2005.

The TRIZ Give Way to the Wind, and Give the Wind Away
A Repeatable Process for Improving Sustainable Wind Energy Generation

Authors

Isak Bukhman, TRI1Z Master, Chief Methodology Specialist, Invention Machine
Stephen Brown, Vice President Strategic Marketing, Invention Machine Corp.

Abstract

Given the fast growing population and the ever increasing consumption of resources it is
imperative that breakthrough innovations make alternative energy sources more
commercially viable. Wind turbines represent an attractive source of sustainable and
environmentally friendly energy. World wind energy capacity has been doubling every
three years during the last decade and growth rates in the last two years have been even
faster. Yet the technology still needs a higher profile and greater efficiency.

Using the improvement of Wind Turbine Development as a case study, this presentation
focuses on a proven and repeatable process that overcomes common TRIZ deployment
challenges by showing a workflow and methodology for how to get started working on a
problem with TRIZ, how to compliment TRIZ with Value Methodologies for problem
identification, and how to leverage internal and external knowledge sources to accelerate
concept identification.

Introduction - Wind Turbine Development

The potential for wind energy production is yet to be realized, but holds great promise for
as a renewable and environmentally friendly source of energy.

= Wind power is expected to grow at an annual
rate of 20 % resulting in a total of about 40 000
MW of installed capacity around the world by
2004.

= According to recent study “Wind Force 10”
wind power could generate 10 % of global

electricity by 2020, and create 1,7 million jobs
m at the same time.

= International installation of 1,2 million MW of
|  wind capacity by 2020 would generate more
electricity than the entire continent of Europe

consumes today.

= Total wind energy potential in the world is 53 trillion kWh, 17 times higher than the
Wind Force 10 goal.

= According to the study the cost of generating electricity with wind turbines is expected
to drop to 2.5 US cents/kWh by 2020, compared to the current 4.7 US cents/kWh.



= Environmental benefits of the 10 % target would be enormous — savings of 69 million

tones of CO2 in 2005, 267 millions tons in 2010 and 1780 million tones in 2020.
The potential for TRIZ as a high-value problem solving methodology has also yet to be
fully realized, especially in combination with Value Engineering and a fund of targeted
informational resources. But with an effective roadmap to guide the practitioner, the
benefits of combining and deploying these discrete resources and methodologies are
readily attainable. This paper describes such a roadmap and thereby provides a
repeatable process for improving not only sustainable wind energy generation, but a
method for improving virtually any technical system.

Project Description & Initial Situation

We have selected Three-Blades Turbine as a base
Turbine design for our research project. The Three-
Blade Turbine is most common, sometimes known as a
Danish Concept. These three-bladed wind turbines are
operated "upwind,” with the blades facing into the
wind. Wind turbine works the opposite of a fan. Instead
of using electricity to make wind, a turbine uses wind
to make electricity. The wind turns the blades, which
spin a shaft, which connects to a generator and makes
isiale el electricity. The electricity is sent through transmission
htp:/w.nrel.goviind/animationhtmi | and distribution lines to a substation, then on to homes,
Drawing of fhe rotor and blades of a wind turbine, courtesuof E5 DUSTNESS and schools.
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Information Gathering

Identify and define the component structure of the wind turbine

|
|

‘ (Electronic) Controller:

‘ Brake:

COMPONENT DESCRIPTIONS

Anemometer:

Measures the wind speed and transmits wind speed
data to the controller. These are attached to the back of
the nacelle. A 3-cup anemometer spins to measure the

wind speed.
1Dy (Rotor) Blades:
9. Pitch Wind turbine blades act similar to an airplane's wing or [
| 4.Brake a boat's sail. When air travels over the curved blade, a
A low-pressure area is created on the concave side of the | |

6. Gear box

blade (referred to as Bernoulli's effect) creating

2 pressure.
9. Anemometer
10. Wind Vane
1. Nacelle
12. High-speed shaft

13. Yaw drive

14. Yaw motor

15. Tower

Identify trends of past and present R&D efforts that have contributed to current utility-
scale turbine technology



* Improvements in the aerodynamics of wind turbine blades, resulting in higher
capacity factors and an increase in the watts per square meter of swept area
performance factor.

» Development of variable speed generators to improve conversion of wind power
to electricity over a range of wind speeds.

» Development of gearless turbines that reduce the on going operating cost of the
turbine.

» The general trend is toward wind turbines with maximum power output of 1 MW
or more. European firms -- such as Danish companies Vestas and NEG Micon --
currently have more than 10 turbine designs in the megawatt range with
commercial sales.

* Wind turbine manufacturers optimize machines to deliver electricity at the lowest
possible cost per kilowatt-hour (kwWh) of energy.

* Development of lighter tower structures. A Dby-product of advances in
aerodynamics and in generator design is reduction or better distribution of the
stresses and strains in the wind turbine. Lighter tower structures, which are also
less expensive because of material cost savings, may be used because of such
advances.

* Smart controls and power electronics have enabled remote operation and
monitoring of wind turbines. Some systems enable remote corrective action in
response to system operational problems. The cost of such components has
decreased. Turbine designs where power electronics are needed to maintain power
quality also have benefited from a reduction in component costs.

System Functional Analysis

A functional model of the system is nessesary to obtain a proper understanding of system
behavior. Each component and function must be defined.
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Advanced function analysis allows us to define parameters of functions, their actual and
required values, and their dependencies.
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The completed full function model will document the system sufficiently to enable the
recognition of problematic areas in the system. Additionally, the documented model
permits an in depth automated evaluation from a Value Engineering perspective.
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Model Data Device Diagnostic: Component Parameters and rating help define strategies
for subsequent changes or simplifications of the system configuration. A variety of
criteria can be evaluated in order to select strategies that best align with the project goals.

#E Model Data
Elesmers List Funetion Ligl Function T able Dievice Disgnoslic
|Diagnosztic Criteria Component parameters and rating: =)
I asdniiirn Walus - Add, - =
Ve Cost|C] Rating E
FF | ! | J =
T J— & zignal 1.00 G4E 1 — E
Pel 3 Macele 130,00 5385 + 4
&3 Contioler [Elcinoe 100.00 384 . _g
E'_ E‘Tﬁlﬂ&ﬂiﬁ &1 Wind vane .00 2839 » lE’
C - Cost [C] &3 Arnesmometar 50.00 1704 =
&l Cooling sypstem 120000 .08 »
e aw dive 25.00 45 »
¥ @A Generator 200,00 KRl
&l Hub 50.00 3183 =
& Brake 40,00 141 -
& Lowezpaed shait 50.00 269 #

Design Simplification Strategy - Trimming Method

Improves product/process by eliminating low value (problematic) components and
redistribution their useful functions between other components.

Simplifies and reduces the cost of user product/process, while preserving the
essential functionality.

The design variants that results from Trimming will generate different problem
statements, if solved, can lead to highly innovative solutions.

Wind Turbine -> trimming scenario results
1. Lowe-speed shaft, Gear box, High speed shaft, Wind wane, Wind direction data,

Pitch (mechanism) were trimmed.

2. Stator of AC Generator connects Hub.
3. Hub rotates Stator of AC Generator

High-speed shaft

thate
confe old
Blades (three)
ca

Design Scenarias:
5 aved design scenarios: Nates for ‘Wind Turbine, scenrio #1

:,_4 ‘Wind Turbine, scenario #1 1. Low-speed shaft, Gear box, High speed shaft, Wind wane, Wyind direction data, Pitch (mechanism) were trimmed.
2. Stator of AC Generator connects Hub.
3. Hub rotates Stator of AC Generator




Pre-Problem Selection

We have selected one problem (pre-problem) for the next stage of the project: The value
of the torque parameter, which describes the effect of the action push (rotate) by the wind
(wind energy) on the Blades (three), is 2000 Nm. The required value of this parameter is
4000 Nm to provide to increase efficiency of blades. The problem is: How to increase the
torque of the Blade?

Problems & Solutions: ®  Problem description:
Dezign Scenanios: |'wind Turbine - model # 1 =
push (rotate)

@ rotational zpeed :: High-zpeed haft - rotor [coilz) -

The walue of the torque parameter, which describes the effect aof the action puzh
[rotate] by the wind [wind energy) on the Blades [thres), iz 21
ﬁ!ﬁjquued walue of this parameter iz 4000 MN-m to provide to |ncrease effictivity of
ades.

@ rotational speed :: High-speed shaft - rotar [coilz]

@ torque o wind [wind energy) - Blades [three)

g 2 wind [wind energy] - Blades [three)

@ torque o wind [wind erergy] - Blades [three]
@ torque o wind [wind energy] - Blades [three]

How to increasze the torgque of the Blades [three]?

+ 1@ torque o wind [wind energy] - Blades [three)
@ torque o wind [wind energy] - Blades [three]
@ torque o wind [wind energy] - Blades [three]
@ torque o wind [wind energy] - Blades [three]
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2. Selection of the conflicting pair. OF TECHHICAL CONTRADICTIONS

[ 3. Technical cortradictions farmulation. . ELINIHATION

technical contradictions

. P :
5. Reinforce fintensity) & corflict. ALY Pl bt el
6. Generste a specified problem model Persona; Corporate K“':'WIE{IHE

| Bases

7. Check possibilty of using of the System of TRIZ - Sysiem GFIN - Sysiem
Standards to =olve the problem model. of Standard Modification
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Algorithm for Inventive Problem Solving — Part 2
PROBLEM MODEL ANALYSIS - List of resources of space, time, substances,

(parameters), and fields

Distinctly constructed
statement and diagram
{model) of the problem

L

/ TRIZ ARIZ85B - PART 2 \

The aim of the second part of ARIZ iz an estimation
of the available rezources, which can be uzed to zolve
a problem: resources of space, time, substances,
[parameterz), and fields:

1. Conflict zone deter minstion
2. Operation time determination
3. Determine substance-field resources (SFR) far

the article and tool, of the problem along with
the considered system environment, and over

[overall] systems. Make a list of SFR.

i

List of resources of
space, time,
substances, and fields

J

|n e to the PART 3

Algorithm for Inventive Problem Solving — Part 3
DETERMINATION of IFR (ldeal Final Result) and PC (Physical Contradiction)

List of resources of
space, time,
substances, and fields

L

/TRIZ ARIZ-85B - PART 3 \
The application of the 3rd part of ARIZ should

produce a concegpt of an ideal solution and determine
a PC that provides the achievement of an IFR.

It iz nat always posszible to oltain an ideal solution but
the IFR indicates a direction towsard the most potent
answer:

1. Wirite dowen a formulation of IFR-1

2. Reinforce (intensify) a formulstion of IFR-1 with
additional requirements: it must not introduce newy
substances and fieldz into the zystem — use SFR

3.Write dowen a formulation of & PC on a macro-level
4. Wirite dowen a formulation of & PC on a micro-level

5. %rte doven a formula of anideal final result IFR-2
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Concepts Evaluation & Selection

We created 32 available solutions for farther development by using TRI1Z, Value
Engineering, and Informational Fund (Scientific Effects Library, Patent Collections,

WEB based information), including:

| mprowe Furctionality solutions

= 9 - From the Inventive Principles 5 Sinefydesion solfns

14 - Curvature increase

15 - Dymarric parks

= 2 - From the Effects Library 4- Symniety change
29 - Prigumnatics and hydraulics
= 12 - From the System of Standards Dre-sided surkace increases area (Moebivs band)

botor blade in form of Mobius stip
Surmmary: LIS-R802108 Air turbine handpiece

. ) .
9 From Patent COI |eCt|0nS and Summary: LIS-200301 23973 A1 Fropeler tppe windrmil for power generation

Web based information

B Solutions for user-defined problems
Intioducing gas into the Heawy blads.
Introducing body with pores and capillaies around the Heavy blade,
Introducing vaid into the heavwy blade.
Waking the: lomg blade flexible.
Waking Hhe lomg blade flewible,

Solutions must be ranked to help decide which ones to research further and implement.

Define Ranking Criteria

[Elileria name: TRIZ and VYalue Engineering]

Formula:

[ K =4K71 + BK2 + B3 ]

Parameters:

HEG

arameter Mame

[] Implementation Cost C 1

|:| Implementation Time T 1

quanitity of the produced electical power | | K2 £ A

technical Ieasil:-ility] v K3 3 |
+ new parameter -

Help Cancel



Conclusion - Best Solutions

In total, 6 concepts were ranked as high level available solutions, having the ranking

equal or higher than 10, including:

1. Stator of Permanent Magnet Synchronous Generator

directly connects Blades.

Blades rotate directly Stator of Permanent Magnet

Synchronous Generator.

Permanent Magnet Synchronous Generator works good
for variable blades

<
€
p

rotor

2. Doubled Propeller — Doubled Blades.

The propeller is the contra rotating with a diameter of
45m (14 ft9in).

It has blades made of advanced composites and
pronounced scimitar-like curvature on the leading-
edge. It offers increased efficiency under high-speed
cruise, and improved acoustics.

-

3. Efficient propeller — Efficient blades.

A propeller produces a propulsion that drives an
airborne vehicle.

Disadvantage: This causes an air stream to be driven
back, causing high turbulence. This decreases the
propulsion.

Stafinnary hlade

;— »
- S
Propeller —
“&r
T ¢

4. Blade in form of Mobius strip.

A blade is fixed on a shaft by means of spokes. The
blade is made of elastic material and has the Mobius
strip form.

Advantages:

1. The propeller blade in the Mobius strip form is
simple in design.

2. The blade in the Mobius strip form is easy to

manufacture. //_‘

Air straam lade
‘ 5 Spoke

N Sha
N\

—
o

The air stream rotates the blade mads in the
form of & Mobius strip

5. Variable-riaiditv flioper - blade.

Different rigidity is required in swimming flippers under
different water conditions (governed by speed and length
of stay).

It is proposed:

to use hydraulic constructions and variability
(dynamism) to improve the flipper design. One can form
an enclosed longitudinal hollow in the elastic flipper
material. This is filled with an fluid whose pressure can
be adjusted using a piston valve. High pressure makes
the flipper blade rigid. This can be adjusted to optimize

for current syyimming (wind) conditions
b | B_’I Flippar

A-n Hellows filledwith fluid

B-B

6. Flexible wing - blade.

TRABITIONAL WING -

e

FLEXIEBLE WING

L |
ACTUATOR: —— e

COMFLIAMT EDGE

This repeatable process overcomes common TRIZ deployment challenges by showing a
workflow and methodology for how to get started working on a problem with TRIZ, how
to compliment TRIZ with Value Methodologies for problem identification, and how to
leverage internal and external knowledge sources to accelerate concept identification.
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Base Wind Turbine design selection

We have selected Three-Blades Turbine as a base Turbine design for
our research project.

Three-Blades Turbine are most common, sometimes it cold as a Danish Concept. These
three-bladed wind turbines are operated "upwind,"” with the blades facing into the wind.

Orawing of the rotor and blades of a wind turbine, courtesy of ESM

http://europa.eu.int/comm/research/energy/nn/nn_rt/nn_rt_wind/article_1101_en.htm



Initial Situation

Wind turbine works the opposite of a fan. Instead of using electricity to make wind, a

turbine uses wind to make electricity.
The wind turns the blades, which spin a shaft, which connects to a generator and

makes electricity. The electricity is sent through transmission and distribution lines to
a substation, then on to homes, business and schools.

., T S S S d = = o = e

http://www.nrel.gov/wind/animation.html
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Component Stricture of the Wind turbine

1. Blades
2. Rotor
3. Pitch
4, Brake
5. Lowwr-spaed shaht
6. Gear box
1. Generator
B. Contraller
9. Anemometar
10, Wind Vane
11. Nacelle
12 High-spaead shal
13 Yaw drive
14, Yaw motor
15. Towiss




Wind Turbine Components

Anemometer:

Measures the wind speed and transmits wind speed data to the controller. These are
attached to the back of the nacelle. A 3-cup anemometer spins to measure the wind
speed.

(Rotor) Blades:

Wind turbine blades act similar to an airplane's wing or a boat's sail. When air travels
over the curved blade, a low-pressure area is created on the concave side of the blade
(referred to as Bernoulli's effect) creating pressure. This pressure pushes against the
blade, causing the rotational mechanical energy that drives the low speed shaft
connected to the hub.

The rotor blades are the elements of the turbine that capture the wind energy and
covert it into a rotational form. The profile and shape of the blade is designed for
maximum efficiency and minimum noise. The turbine blades are made of fiberglass.
Using stronger and more lightweight materials has allowed manufacturers to create
larger blades, increasing the capacity of the turbines.



Wind Turbine Components (con.)

Brake:

A disc brake which can be applied mechanically, electrically, or hydraulically to stop
the rotor in emergencies.

The mechanical brake is a physical brake, similar to a disc brake on the wheel of a car,
connected to the high-speed shaft. It is used for servicing the equipment to ensure that
no components start to rotate, endangering the repair worker.

This is used to stop the blades rotating in gale force winds or for maintenance
purposes. It is hydraulically operated using the same principles as found in a car's disc
brakes.

(Electronic) Controller:

The controller starts up the machine at wind speeds of about 8 to 16 miles per hour
(mph) and shuts off the machine at about 65 mph. Turbines cannot operate at wind
speeds above about 65 mph because their generators could overheat. The controller is
a computer system that monitors and controls various aspects of the turbine. It has the
ability to shut down the turbine if a fault occurs. Continuously monitors the condition of
the wind turbine. Controls pitch and yaw mechanisms. In case of any malfunction (e.g.,
overheating of the gearbox or the generator), it automatically stops the wind turbine
and may also be designed to signal the turbine operator's computer via a modem link.

9



Wind Turbine Components (con.)

Cooling system:

The cooling system is used to ensure that the components do not overheat and
cause damage to themselves or any other component. A typical cooling system is
either an electrical fan or a radiator system.

Gear box:

Gears connect the low-speed shaft to the high-speed shaft and increase (transform)
the rotational speeds from about 30 to 60 rotations per minute (rpm) to about 1200 to
1500 rpm and drives the generator. Connects to the low-speed shaft and turns the
high-speed shaft at a ratio several times (approximately 50 for a 600 kW turbine)
faster than the low-speed shaft.

Almost all wind turbines (except, Variable Speed Gearless Wind Turbine) contain
gearboxes, which convert the slow rotation of the shaft into the high speed required
to generate electricity. The gear box is a costly (and heavy) part of the wind turbine
and engineers are exploring "direct-drive"” generators that operate at lower rotational
speeds and don't need gear boxes.

10



Wind Turbine Components (con.)

Generator:

The generator is connected to the high-speed shaft and is the component of the
system that converts the rotational energy of the shaft into an electrical output.
Usually an off-the-shelf induction generator that produces 60-cycle AC electricity.
The generator (3-phase, 690 volt) is driven by the high-speed shaft and also turns at
1,500 rpm, supplying electricity through a low voltage transformer to a high voltage
transmission transformer and into Country Energy's distribution grid. In recent
years, wind power has become very competitive in electrical cost production due to
increased efficiencies and the increased size of the generators, with typical outputs
over 500kW for newer, utility-scale systems. Usually an induction generator or
asynchronous generator with a maximum electric power of 500 to 1,500 kilowatts
(kW) on a modern wind turbine.

High-speed shaft:

Drives the electrical generator by rotating at approximately 1,500 revolutions per
minute (RPM).

11



Wind Turbine Components (con.)

Hub:

For propeller-driven turbines hub is the connection point for the rotor blades and the
low speed shaft. Hub captures the wind and transfers its power to the rotor. Attaches
the rotor to the low-speed shaft of the wind turbine. The hub is made of cast iron and
connects the turbine's blades to the main shaft. When the wind blows, the blades and
hub rotate at 28 revolutions per minute (rpm). The hub and blades together weigh 8.5
tones.

Low-speed shaft:

The rotor turns the low-speed shaft at about 30 to 60 rotations per minute. Connects the
rotor hub to the gearbox. Low-speed shaft is connected with large gear (ones is a
component of the gearbox) and transmits rotation to it.

12



Wind Turbine Components (con.)

Nacelle:

The case or housing (from steel and/or fiberglass...), which is mounted on the tower
and includes (encapsulates, supports, protects, covers) the gear box, low- and high-
speed shafts, electrical generator, yaw system, hydraulics, controller, and brake. The
nacelle can move though 360° and is turned into the wind using "yaw" motors that are

controlled by the wind vane. The nacelle and equipment weigh 19 tones.

Pitch (Mechanism):

Blades are turned, or pitched, out of the wind to keep the rotor from turning in winds
that are too high or too low to produce electricity. Vestas company -> Pitch control is
achieved by feathering the blades.

Rotor:
The blades and the hub together are called the rotor and it rotates a low-speed shaft.

13



Wind Turbine Components (con.)

Tower:

Because wind speed increases with height, taller towers (it is advantageous) enable
turbines to capture more energy and generate more electricity. The tower is used to
support (carries) the nacelle and rotor blades (rotor).

Wind vane:

Measures wind direction and communicates with the yaw drive to orient the turbine
properly with respect to the wind. Measures the direction of the wind while sending
signals to the controller to start or stop the turbine.

Yaw drive:

Upwind turbines face into the wind; the yaw drive is used to keep the rotor facing into
the wind as the wind direction changes. These are controlled by the information from
the wind vane and ensure that the nacelle is always facing into the wind. Downwind
turbines don't require a yaw drive, the wind blows the rotor downwind.

Yaw motor:

Powers the yaw drive.

14



Trends of the R&D efforts that have contributed to
current utility-scale turbine technology

 Improvements in the aerodynamics of wind turbine blades,
resulting in higher capacity factors and an increase in the watts per
square meter of swept area performance factor.

 Development of variable speed generators to improve conversion
of wind power to electricity over a range of wind speeds.

 Development of gearless turbines that reduce the on going
operating cost of the turbine.

 The general trend is toward wind turbines with maximum power
output of 1 MW or more. European firms -- such as Danish companies
Vestas and NEG Micon -- currently have more than 10 turbine designs
in the megawatt range with commercial sales.
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Trends of the R&D efforts that have contributed to
current utility-scale turbine technology (con.)

* Wind turbine manufacturers optimize machines to deliver electricity
at the lowest possible cost per kilowatt-hour (kWh) of energy.

 Development of lighter tower structures. A by-product of advances
in aerodynamics and in generator design is reduction or better
distribution of the stresses and strains in the wind turbine. Lighter
tower structures, which are also less expensive because of material
cost savings, may be used because of such advances.

« Smart controls and power electronics have enabled remote
operation and monitoring of wind turbines. Some systems enable
remote corrective action in response to system operational problems.
The cost of such components has decreased. Turbine designs where
power electronics are needed to maintain power quality also have
benefited from a reduction in component costs.

16



WIND ENERGY PRODUCTION POTENTIAL

» Wind power is expected to grow at an annual rate of 20
% resulting in a total of about 40 000 MW of installed

capacity around the world by 2004.

» According to recent study “Wind Force 10” wind
power could generate 10 % of global electricity by 2020,
and create 1,7 million jobs at the same time.

» International installation of 1,2 million MW of wind

capacity by 2020 would generate more electricity than
the entire continent of Europe consumes today.

17



WIND ENERGY PRODUCTION POTENTIAL (con.)

» Total wind energy potential in the world is 53 trillion
kWh, 17 times higher than the Wind Force 10 goal.

» According to the study the cost of generating
electricity with wind turbines is expected to drop to 2.5
US cents/kWh by 2020, compared to the current 4.7 US

cents/kWh.

» Environmental benefits of the 10 % target would be
enormous — savings of 69 million tones of CO2 in 2005,
267 millions tons in 2010 and 1780 million tones in 2020.

18
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Advanced Function Properties Definition

Blades (three)

push |(rotate)

capture o

( wind (wind energy) >
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1 Model
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Function Parameter Definition

Advanced Function Properties

Hlades (three)

ush (rotate
‘1FI * I:; 4:| JI7,.:'-.1'1.-'i|'|li:| I:'-.“.-'iI'III:I...}
4

Select or enter an action. Then, enter one or more pararneters
It changes in the Blades [three).

@ capiure
b % push [rotate]
+ @

P+ lorque
+
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Specify the actual and the required values of defined

Parameter
(Qualitative mode)

Advanced Function Properties

push [rotate)
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+H
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Actions
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Specify the actual and the required values of defined

Parameter
(Quantitative mode)

Advanced Function Properties
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Create two graphs of dependence between defined
parameter and one of the related parameter -> actual and
required.

Advanced Function Properties
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Model Data -> Device Diagnostic ->
-> Component Parameters and rating

#® Model Data

Element List

Function List

Function T able

[Diagnostic Criteria
b axirnuim Y alue

F - Function B ank [F]
P - Problem Rank: [F]
C - Cost [C)

Help
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Cloze
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Functional Analysis & Trimming -> Strategy Selection

== Model Data : §| E|

Element Ligt Functiorn List Function T able Device Diagnostic

Diagnostic Cnterna Component parameters and rating:
|h-1a:-:imum Walue u Add...

i
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Functional Analysis & Trimming ->

Your Own Strategy Creation

Define Diagnostic Criteria

Cntena name: Perfecton

Formula:

Parameters:
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k |:| new parameter
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Design Simplification Strategy - Trimming Method

Radical product/process changes

Benefits:

» Improves product/process by eliminating low value (problematic)
components and redistribution their useful functions between other

components.

» Trimming Method simplifies and reduces the cost of user
product/process, while preserving the essential functionality.

» The design variants that results from Trimming will generate different
problem statements, if solved, can lead to highly innovative solutions.
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Trimming: Eliminate problematic Companents by reazsigning their functions
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“Low-speed shaft” trimming
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Main Trimming Results

(
1. Low-speed shaft, Gear box, High speed shaft, Wind wane, Wind direction data, Pitch (mechanism)
were trimmed.

2. Stator of AC Generator connects Hub.
@. Hub rotates Stator of AC Generator )

High-speed shaft

Hub
| ___ generate
. - Generator e e
connect old / i{up\ B A Electricity
hiold
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rotate computer
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Deszign Scenarios:

Saved dezign zcenarios: Motes for Wind Turbine, scenarnio #1

= 1. Low-zpeed shaft, Gear box, High speed shaft, Wind wane, Wind direction data, Pitch (mechanizm] were trimmed.

w2 "Wind Turbine, scenario #1
2. Stator of AC Generator connects Hub.

3. Hub rotates Stator of AC Generator




1. Blades
2. Rotor
3. Pitch
4. Brake
o, Low-spied shaft
B. Gear box
1. Generator
8. Controller
9. Anemomelar
10. Wind Vane
11. Nacelle
1. High-speed shah
13. Yaw drive
14, Yaw motor
15. Tower
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We have selected one problem (pre-problem) from 20
ones for the next stage of the project:

(The value of the torque parameter, which describes the effect of the action push (rotate) by the
wind (wind energy) on the Blades (three), is 2000 Nm.
\Required value of this parameter is 4000 Nm to provide to increase efficiency of blades.

How to increase the torque of the Blade?

Problems & Solutions: =  Problem description:

Design Scenanoz wind Turbine -» model # 1 -

@ rotational speed  High-speed shaft - rator [coils) - (Wind (wind energyj} push (rotate) Blades three)
@ rmatational zpeed - High-zpeed zhaft - rator [oailz)

@ tarque - wind [wind enerqy) - Blades [three)

The value of the torque parameter, which describes the effect of the action puzh

+ 1 = wind [wind energy] - Blades [three] [E:utate] bél thnla winfd wind energy) pndwl:nlanﬁr[lades [three_é, i 2000 M-m. R
% 19 torque - wind [wind energy) - Blades (three] |:||aE|:|qEL2.rE value of thiz parameter 12 m to provide to increase ethctirvity o

g e U (GO e e S S ) How to increaze the torgue of the Elades [three]?
@ tarque - wind [wind enerqy) - Blades [three)
+ 1@ torque o wind [wind energy] - Blades [three)
@ tarque - wind [wind energy) - Blades [three)
@ tarque - wind [wind energy) - Blades [three)
@ tarque - wind [wind energy) - Blades [three)

[EJ AL Generator -
L | k

Show: | Al device Component models - Fiatlk Solutions. ..
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Algorithm for Inventive Problem Solving ;@%

TRIZ

Initial situation/pre-problem statement:

Wind flow rotates wind turbine blades/rotor (creates torque).

Three parameters determine torque of the rotor: blade length, blade concave
surface area, and wind flow pressure on the blade concave surface.
Low speed of wind flow decreases rotor torque, what decreases rotor rotational

speed.
It is necessary to prevent rotor rotational speed decreasing.

Note: speed of wind flow could not be changed — it is a supersystem element.

Hotation 11.‘._-

Blade concave surface

38
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Algorithm for Inventive Problem Solving — Part 1.1. 5

TRLIZ

1.1. Write down conditions of a mini-problem (without special terms) as

follows:

The technical system (purpose/main function of the system/product) includes (list
main parts of the system).

The technical system to rotate rotor includes: wind flow, blades, and rotor.

Under minimal changes in the system it is required: (specify a result which should

be obtained).

Under minimal changes in the system it is required: to prevent rotor rotational
speed decreasing under low wind flow speed.

J

4 TECHNICAL SYSTEM
4 MAIN PARTS
-
[ Blades } [ Rotor J
N
: [Wind flow (low speed)]

____________________________________________________________________

ROTATE ROTOR
o

39



\\ \//

Algorithm for Inventive Problem Solving — Part 1.2. 29

1.2. Selection of the conflicting pair:

TRLIZ

Product (s): rotor (high rotational speed, low rotational speed)

Tools: wind flow (low speed), blade (large surface area, small surface area)

TECHNICAL SYSTEM

-

CONFLICTING PAIR

/

/

TOOL (S)

Wind flow

~

_________________________

_________________________

/ PRODUCT (S)

________________________

ROTATE ROTOR
o
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Algorithm for Inventive Problem Solving - Part 1.3. %5

TRLIZ

1.3. Formulate Technical Contractions TC 1 and TC 2 using a conflicting pair
and create their diagrams using the Diagrams of Typical Conflicts in Table 1.

A. Technical contradictionl — TC 1: (identify)

TC 1: if there is a blade with a large surface area, the rotor rotational speed is
high [1], but blade weight [2] and length [3] are increased.

B. Select/create diagram of TC 1 using Table 1

/ @ ; Rotor »

High rotational speedj

&
Blade @ p
Blade

Large surface area «—~__ "\ _~ _
Large weight

\_
O
Blade

\ /W Large length
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Algorithm for Inventive Problem Solving — Part 1.3. %)

TRLIZ

C. Technical contradiction 2 — TC 2: (identify)

TC 2: if there is a blade with a small surface area, the blade weight [2]
and length [3] are normal, but rotor rotational speed is low [1].

D. Select/create diagram of TC 2 using Table 1

/ \_ _@_ _; Rotor »

Low rotational speed
& )

Blade @ -
Small surface area > Sratc i
“Normal” weight

p
@ Blade
>

\ “Normal” length
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Algorithm for Inventive Problem Solving — Part 1.4. \;\@"/@/

TRLIZ

1.4. Select one conflict diagram from the two technical contradictions, (TC1
and TC2), that provides the best accomplishment of the main production
process (the main function of the technical system specified in conditions of

the problem).

The main function of the system is to rotate rotor with high rotational speed. So,
TC1 should be selected: in this case a blade with a large surface area rotates
rotor with high rotational speed.

\ TC1

/ @ ; Rotor »

High rotational speedj

0

Blade @ ) . ROTATE ROTOR

Large surface area «—~__"\_~ Blade 0 o
Large weight

\§
O
Blade

\ /W Large length
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First Technical Contradiction &%)
-> Recommendation # 15 — Dynamic Parts

First Technical Contradiction

[blade with a Iarge] & [blade with a Iarge]

surface area length
Problem: | ®antto |increasze rotor fotational speed
by [increasing blade surface area Improving | area of mowving object -
which leads to the problem |large lenght of the blade “Worzening | length of moving object -
oolution:  Dynamic pars 7

- allow {or design) the characteristics of an object, external <= :

environment, or process to change to be aptimal or to find an optimal

aperating candition, Recommendations:
- divide an abject into parts capable of movement relative to each ather,
- ifan object {or process) is rigid or inflexible, make it movable or
adaptable. | ™ 15 - Dpnamic parts

k&l 18 - Mechanical wibration

&l 14 - Curvature increase

k4 - Svrmmetry change

Adaptive parts 45



N\

= 15-0 URamilc parks

Example: Variable-rigidity flippers

Different rigidity 1= required in swimming flippers under
different water conditions {governed by speed and length of
stay). Can an adaptive flipper be designed?

It iz proposed to use the princip es of flexible shells,
hydraulic constructions and variahility (dynamism) to
imprave the flipper design. One zan form an enclosed
longitudinal hollow in the elastic flipper material. This is
filled with an non-compressible uid whose pressure can be
A-A Hallows filledwith fuid adjusted {on the shore or underwater) using a pistaon vale.

— High pressure makes the flipper blade rigid. This can be
: B-B adjusted to optimize for current swimming conditions.
Sl A, N 317 350

You may increase rotor rotational speed by applying principle "15 -
Dynamic parts" by analogy of example " Variable-rigidity flippers ".

46



Second Technical Contradiction (@"@

-> Recommendation # 29 — Pneumatics and Hydraulics
Second Technical Contradiction

/
[blade with a Iarge] & blade with a Iarge]

surface area welght
N\
Problem: | wantto |increasze rotor rotational speed
by [increasing blade suface area Improving | area af moving object -
which leads to the problem |large weight of the blade worsening | weight of moving object -
solution:  Pneumatics and hydraulics V

- use gas and liguid parts in an object instead of solid parts (e.g. ”

inflatable, liquid-filled, air cushioned, hydrostatic, hydro-reactive). Recommendations:

kel 2 - Separation

el 17 - Dimenszsionality change

‘ ™ 29 - Preumatics and bpdraulics

&l 4 - Svrmetry change

i ake object's
partz gazeous
ar liguid

47



™ 29 - Preumatic: and hedraulics &

TRLIZ

Example: Simple solar energy concentrator

EVRRE BN Preumatic bottle It is desirable to have a solar energy concentrataor with

. \ a simple and low cost design.

| [

' It 15 proposed to use the principles of flexible shells,
pneumatics, spheroidality and transition to another
dimension to design a low cost solar collector. One can

Bastic mimrar film make it in the form of a pneumatic bottle {twao flexible

Hnfolded condition Receiver shells form two bubbles with a membrane, parabolic

mirrar, in between). The chambers are filled with gas,
the pressure in the upper chamber being higher than in
the lower ane. When the chambers take shape, the
pressure difference forms the parabolic surface between,
Optical rays are concentrated at the recener located at
the focal point (focused by contralling the pressure

: = difference). Using simple membranes and inexpensive
PP, Baraboloid resouUrces !:cnmpre_ssed air],_mal-:es t_he manufacturing
and operation of this device inexpensive.

S A MET4 112

You may increase rotor rotational speed by applying principle "29 - Pneumatics and
hydraulics".

Idea: for better synchronization with wind speed (and maybe - wind direction)
and blade shape control -> some parts of blade could be made by using
"Pneumatics and hydraulics".



[ ] TRIZ modules/parts
[ 1 value Engineering

System Analysis and
Pre- Problems Statement

Pre-Problems Selection
for further solving

Trimming l

System Function Analysis I

Information gathering I

Project Description

WIND TURBINE

Existing System Improvement

<

Concepts
Development &
Implementation

€

Project Roadmap

Problems Solving

(( ARIZ-85B -Part2 ]

PROBLEM MODEL ANALYSIS
Result: list of resources
of space; time,

\substances, and fields

Diagrams of Typical
Conflicts

]

[ ARIZ-85B - Part 1

INITIAL SITUATION
ANALYSIS — Selection
of Mini-Problem

J

({ ARIZ-85B -Part3 )

DETERMINATION of IFR
(Ideal Final Result) and
Physical Contradiction

Result: statement (model)
of the problem

Result: direction toward

the most potent answer

TRIZ -System
of Standards

Patent
Collections ,

Inventive

SN Modification
Principles

Patterns

Project Report Concepts Evaluation &

Generation Selection




N

GFIN Scientific Effects Module &%)

TR1IZ
Query:
How does surface increase area?
e v IMC Scientific Effects: torque ;- wind [wind energy] - Blades [three] Effects |
Effect Descrniption Effect Chainz Output Cantral
How does surface increase area? Fird & iy full test in Tree
Your quen was proceszed az a Matural Language expreszion. Click here to process the queny az a Boolean expreszion.
Function Groups h L most relevant result(s).
Resource Conshaints: Of o |
[=] Parameters : Change - Mozt relevant: Most relevant:
[#] change adhesion ¥ 1. One-sided surface increases area sided surface [1]
l=] change area One-sided surface increases area (Moehius band) area[1)
|Z] Aerogel particle size defines surface area 1 Most relevant and 6 Related result{s) from this documert .
g : : contacting surface of... [1]
@ Baze radiuz determines surface area of paraboloid
|Z] Changing porous electiode specific surface area ) o ) h . " ; area of contact (1)
@ LCompression increases contact area between objects il 2. n.mpre.ssmg 3 ol e Tl T JEie ermitting surface area[1]
@ Displacement of secant plane of sphere changes sectio. . objects Increases the area of contact. _ surface roughness of... [1]
@ Height of spherical layer determines its surface area Compression increases cortact area betwesn obiscts
e ol spherieel B . 1 Mast relevant and 15 Related result{s) from this droplet surface contact... (1]
= Increasing accessible suface of catalpst carier
. o , documerit Increazed roughness af.. 1]
@ Increazing baze radivg increases surface area of cylinder
One-sided surf g Moehius band ’ . . . pore suface area [1)
@ Onesided surface increaszes area [Moebiuz band) ¥ 3. Increasing the surface roughness of the solid
@ Particle radiuz affects surface area of porous body increases its emitting surface area . catalyst suface area (1)
[+] change concentration of gas Thermal radistion dependence on surface roughnes:s Related:
[+] change deformation parameters 1 Mozt relevant and & Related result(s) from this document surface area [33)
Ii] |:.hange |:!!rqen3|nn _ contact area (307
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TRLIZ

GFIN Scientific Effects Module

Example:
One-sided surface increases area (Mobius band)

How does surface increasze area? Fird # i full ket in Tree

r'our gquery was processed as a Matural Language expresszion. Click here to process the queny az a Boolean exprezzion.

Function Groups

Besource Constrainks: OFf

b Description
The Moabius band is a closed one-sided
surface. Turning one end of a
rectangle by 1807 and attaching it to

[=] Parameters : Change
[#] change adhesion
[=] change area

[Z] Aerogel particle size defines suface area

@ Base radius determines suface area of paraboloid the other end produces a Mobius band.
[Z] Changing porous electrode specific suface area lt= area is twice the area of the
@ Compression increases contact anea between objects ariginal rectangle. An ohject maving
@ Dizplacement of secant plane of sphere changes section area o & along the Moebius band surface
@ Height of spherical layer determines its surface area ) F'EIFEI|_|E| to i_tS edge will return ta its
|Z] Increasing accessible suface of catalyst carier starting point.
@ Increasing base radivg increases surface area of cylinder
B (1ne-zided suface increazes area (Moebius band) & body moving slong & Mobius band always ﬂ(l\f'ﬂlltﬂggs _ _ _
@ Particle radiuz affects surface area of porous body returns to its starting poirt 1. A Mohius band is used in devices
[® change concentration of gas that require a one-sided surface.
& change deformation paranneters 2. The Maobius band has an infinite
& change dimension bR (T B surface.
[#+] change distance
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TRLIZ

GFIN Scientific Effects Module

Example: Motor blade in form of Mobius strip

Function Groups

~ B Ex: Motor blade in form of Muhlus strlp

Problem Solution Advantages Beferenc

Rezource Constraints: Off

|=] Drop ammn moves steering links

|Z] Efficiency increase of mechanism
@ Eingtein-de Haas effect

@ Force generation with rarefied gas
|Z] Force-zaving bicpcle pedal

|Z] Free-running bruzh Clutch

@ Friction

|=] Friction buffer dewvice

|Z] Gravitational energy cornserter
[Zj Heat engine for toys

|Zj Helical projection rotates log
|Z] Helical zpring winds afety belt
@ Inertia

kdokar blade in form of Mobius 2
|=] Motors made with springs

|Z] Mowable anterina mechanizm
@ [One-sided surface increases area [Moehiuz band)

|Zj Fiezoelectic actuators robate disk

|Z] Piezoelectric dives ratate shaft

|Zj Resilient crosspiece allows door opening

|=j Roller bearing

|Z] Rotary actuator made of shape memarny alloy

@ FRotation of dielectric rator in electrorhealogical suspensions
|Zj Rotation of heawy flexible body with help of gravitation wave
|=j Rotation of retal ring with help of heat wave

@ Screw effect

[Zj Shaft rotational welocity change

|Z] Sheet turhing over with cotreeper bel

=] Sirwsoidal surfa-:es bransrnit r-:utatu:un

S i L | 1 ' ot

t[ip

LR

3

Airstream lade

| Sp u:-ke::?:

L

The air stream rotates the hlade made in the
form of a Mobius strip

pp Problem

In windmills, propellers are used to
impart rotation to a shaft. The
prapeller blades have a complicated
surface; they are difficult to fabricate.

Solution

A blade is fixed on a shaft by means of
spokes. The blade is made of elastic
material and has the Mohius strip form.

The blade is blown aver by an air
stream. The blade surface is located
at an angle to the air stream direction.
Owe tao this, an aerodynamic force
occurs. It rotates the blade and the
shaft.

The hlade is fabricated from elastic
material as a strip. Mo complicated
surface contouring is required for this
puUrpose.

Advantages

1. The propeller blade in the Mabius
strip form is simple in design.

2. The blade in the Maobius strip form

Iz easy to manufacture.
2 Tho hlada hac o low aorpdwnamin
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GFIN Patent Collections &%)

[Query: How to increase the torque of the blades? ] Eg?;::;?)ﬁtzeggsgt;?t:

IlHn:lw to increase the torgue of the blades? | [ Find ]

|‘r‘u:|ur guery vwas processed as a Hatural Language expression. Click here to process the query as & Boolean expression.
Click here to perform a fielded search in Patent Collections.

Patents 2T most relevant result(s).

Ty gynionpms:  accrue acciue to augment enhance INCrease maximise maximize rize
Most relevant: Mozt relevant:
e 1. @ ...ratation direction and guiding the aiflow from the path thus formed to the rear face of the blade body, rotating torque of .. [8)
s0 as to generate it on the leading edyge auxiliary vane and increases a rotating torque of the turbine fotating tarque of .. (3]

blade; and the blade body. ..

US-200301 23073 A1 Propeller type windmill for powver generation blade retarding torque [2)

G Mozt relevant and 52 Related resulics from this documernt torque of rotane... (2]
M 2. &) .. vane frontwardly in the rotational direction and guiding the airflow from the farmed path thus formed to il T Gl el
the rear face of the blade body, thereby generating lit on the leading edge auxiliary vane and increasing torque [1)
a rotating torque of the turbine blade. rotation torque of .. [1)

US-E752595 B2 Propeller type windmill for poveer gensration

G Mozt relevant and 92 Relsted result{z] from this documert urming torque of. (1]

ratating torque of... (1]
v 3. @ ...ratation direction and guiding the airflow fram the path thus formed to the rear face of the blade body,
s0 as to generate it on the leading edge auxiliary vane and increases a rotating terque of the turhine

blade; and the blade bady. ..

torgue tranzmitting performance... [1]

borque tranzmitting property... (1] /

EP-1375311 &1 PROPELLER TYPE WANDMILL FOR POWWER GEMERATICON strength of high.. [1)
2 Most relevant and 54 Related result=) from this document Related: \
s 4. @ The invention is to salve the problems of the prior arts, and it is an object thereof to present a washing Tarque [36)]

machine capable of increasing the rotating torque of the agitating blades without increasing the torgue
of the drive motar, and capable of .

UZS-200201 54928 A1 Washing machine

3 Most relevant and 111 Relsted result(s) from this documert w /

integrated torgue tube... [14)
stiring blade torque [7)

¥ 5. @ The invention is to salve the problems of the prior arts, and it is an object thereof to present a washing
machine capable of increasing the rotating torque of the agitating blades without increasing the torgque

F i B e LUl B P e
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TRLIZ

GFIN Patent Collections
First selected Patent: US-20030123973 A1

oldfire Innovator - Patent Summarny

Publication
Number

Title

Application

Task

Method

Features

Detail lewvel
(o550 -
LS-20030123973 Al

Propeller type windmill for power generation

This invention relates to a propeller-type wind turbine used in wind- powered electrical generation.

The invention of claim B is the structure according to claim &, charactenzed in that the blade body of each turbine blade includes a rear auxiliary vane
provided at the trailing edge portion and being capable of extending and retractingrearward in the rotation direction, and a rear auxiliary vane extension-

and-retraction unit for protruding the rear auxiliary wane reanward so as to increase a vane arc length.

Wyith this structure, the pitch changing guide member allows the pitch of the vane bodies to continuous with that of the tip auxiliary blades, farming a
vane of a better perfarmance.

Furthermore, because the pitch addition means 11 is provided to the extension-and-retraction guide unit 3 , when the tip auxiliary blades 5 are extende

from inside the blade bodies 4 | a specific rotational displacerent is imparted, allowing a continuous pitch to be farmed from the blade bodies 4 to the
tip auxiliary blades B | so operation is more efficient.
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GFIN Patent Collections &%)

TRLIZ

Second selected Patent: US-5902108

.

"An object of the invention is to provide an air turbine headpiece in which a )
rotor can be efficiently rotated at high torque, in connection with a nozzle
opening for injecting air to a turbine blade portion

Goldfire Innovator - Patent Summary

Publication
Number

Title

Application

Task

Method

Features

Detail level

(052) e ()

LS-5902108
Air turbine handpiece
The present invention relates to an air turbine handpiece which can be usefully applied to medical treatment or the like.

An object of the invention is to provide an air turbine handpiece in which a rotor can be efficiently rotated at high targue, in connection with a nozzle
opening for injecting air to a turhine blade partion.

In a twenty-third aspect of the invention, the head portion comprises a head body which forms the chamber, an inner housing member is attached to a
interior of the chamber of the head body, a sleeve member is attached to an outer peripheral surface of the inner housing member, and an auxiliary air
flow path which guides air fram the first turbine blade portion to the second turbine blade portion is formed by the sleeve member and the inner housing

mermber.

According to the twenty-sixth aspect of the invention, the rotor having the first and second turbine blade portions can be produced relatively easily and
economically.



Algorithm for Inventive Problem Solving — Part 1.5.

\ TC1

Let's assume that instead of "a large surface area
is specified in TC 1.

(&

/ > Rotor
kHigh rotational speed)
Blade - ™

VERY Large surface «—__"\_~ Blade_
e . Large weight >
ol x

Blade

\ /W\ Large length

-~

N

\\\|://
&%)

TRLIZ

1.5. Reinforce (intensify) a conflict, specifying a limit state (action) of elements
(parts).

" "a very large surface area”

ROTATE ROTOR
o
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Algorithm for Inventive Problem Solving — Part 1.6. \;\@"/@/

TRLIZ

1.6. Write down a specified problem model:
A. Conflicting pair

B. Blade with a very large surface area and a rotor with a high rotational speed.

B. Reinforced (intensified) formulation of a conflict

B. Blade with a very large surface area increases the rotational speed of rotor
[1], but blade weight [2] and length [3] are increased.

C. Iltis required to find x-element, which solves a conflict of the selected TC

(to preserve, to eliminate, to improve, to provide, etc.).

C. Itis required to find x-element, which preserves the ability of the blade with a
very large surface area to rotate rotor with a high rotational speed would not
create a large weight and length of blade.

f \ @ Rotor i

High rotational speed _|: ROTATE ROTOR
! ' WITH HIGH

i Blade @ Blade 1! ROTATIONAL

' | VERY Large surface area Large weight , SPEED

| ® I

! Blade !

K J Large length 3k

L X - ELEMENT ) 58
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Algorithm for Inventive Problem Solving — Part 1.7. %%

TRIZ
1.7. Check possibility of using of the System of Standards to solve the
problem model. Transition from functional model to the Su-Field model
[Fmmmmm e e —mmm———— = —
)[ Rotor - High rotational speed : \TV?'IT: LFGﬁOTOR
Blade .| roTaTionaL  Transition from functional
VERY Large Blade -Largeweight _ J1 sPEED model to the Su-Field model
surface area - Blade - Large length | =
1
|
[ X - ELEMENT I
|
e et
F F 1
Field of ~ F Field of F :
i Field of |« wind flow Field of
7 rotation \ / rotation :
89 S1 S7 :
Blade Rotor Blade Rotor |
[ large surface ] high rotational II= [ large surface ] <—> | high rotational | I
area speed area speed :
|
s o ", S s %, ‘%ﬁ s, !
[ Blade ] [ Blade [ Blade ] Blade ] ;
large weight large length ) large weight . large length 1
:
I
|
1

or/and |X - Substance 60
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TRIZ - System of Standards: Standard 1.2.2. &

TRLIZ

1.2.2. Harmful interaction (function) removal by modification of the
existing substances.
If useful and harmful actions are linked between two substances in a S-Field (direct

contact of substances is not necessary to preserve and using of foreign substance
is prohibited or to no purpose),

the problem could be solved by introduction of a modified third substance
(modification of any existing substances, or their combinations) between those two

substances.
— ; = — >
S, NN~ S, S, S,
Subject ] Object [ Subject ] Object

[S’4] or [S’,]
or [S, S,]

Note: it is clear -> the given standard orients us to use available substance-field
recourses.
61



GFIN System Modification Pattern Module — Standard 1.2.2\%”%

Click. a recomendation below to wiew itz dezcription:

M eazurement

Interaction
ot by

B Show modifications
Introduction:: new substances -
- élp{j Intermal

& into

2 into Heawy blade

hd |f|l:>{:} Exrternal

2 anko

-

= ontkao

]
[1==¢ 71 Into the environment
D&{} Between the objects

F Intaductinn rmndified <0hstanees

Blade large surfac...

How to neutralize achion | create

Blade large surfac...

Object 1 Object 2

H=_

Two objects

Heaywy bilade

neutralize u:u:un’?ins

oas

B0

Irtemal additive

Heavy blade

neLtralize

cu:un?ins

oA

Blade large surface Heawy blade

Tryto neutralize the action create by introducing

gas inta the Heawy blade.

Mew Substance

Chooze the tppe of new substance belows:

gaz
- [Undefined]
El States of substances

‘_'\::} C > ----- W ACLILIM

BEstemnal additiv
i peplasma

X
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GFIN System Modification Pattern Module — Standard 1.2.2\;%)’”/»’«77"
GFIN Problem & Solution Manager

Problems & Solutions: ¥  Problem description:

Dezign Scenanoz: [\Wind Turbine, scenario 1 - Mame:  |ARIZ 1.7 - Suface area
'g" LpUlllL“”l”H EEWELA wANULE UL'l':L;'.:S WL ||_|r||:| LU ria J Conari 2}_'|-'

i

) . | wart to; |
' Segmenting the long blade into several parts. increase blade surface area

- @ ARIZ - 3.6 - large surface area it increazes weight of the blade
by Fully coordinating the actioh create between the blade parts and th..
by Introducing bi-rmetal into the blade parts |

) Introducing High thermal expansion substance into the blade parts |
- @ AR 17 - Surface area

(Nl [ntroducing gas inko the Heawy blade,

b Introducing body with pores and capillaies around the Heawy blade.
b Introducing waoid inta the heasy blade.
o

= @ ARIE 3.3.-3.4. - width should be zmall and should be large

(0 T e mbimes o s biems d
4 3 : -
3 fag | ~E B IUES-
Show: | All device Component models - Rank Solutions... a5 =
Mame: |Introducing gas into the Heawy blade. % [Open Patterms
credle
Blade large surfac. . f-------gF - ===~ > Heawy hlade
nem?m v:nnt?ins
] gas . . . .
Y'ou may increase blade surface area by applying the concept "introducing
gas into the Heavy blade®. Standard 1.2.2.

\Note: Patterns/Standards suggest us to use partially inflatable blade /




GFIN System Modification Pattern Module — Standard 1.2.2\%”%

Click. a recomendation below to view itz description:

Interaction Meazurement

Sort by

B Show modifications

F |ntraduction:: new substances -~

* |ntroduction:: modified substances

- é—;pi}lntemal
2 into
2 into

A ﬁl{;{} External
2 onto

2 onto Heawy blade
Dip{:} Into the eriranmment
Dﬁ{:{j Eetween the objects
b Introduction:: voids
F Introduction:: fields

¥ tono-bi-paly: similar objects

Blade large surfac...

Haw ta neutralize action | create

Object 1 Object

B=

Two objects

Blade large surfac...- -

------------ M  Heawy blade

Heavy hlade

neutralize

surrnu%ded by

body with pores and capillaries

B0

Intemal additive

TRLIZ

neutralize surrnu%ded by

hody with pores and capillaries

Blade large surface Heawy blade

Tryto neutralize the action create by introducing
body with pores and capillaries around the
Heawy blade.

Modified Substance §|

Chooze the type of modified substance belows:

body with pores and capillaries -

- [Undefined]
i_'\:b‘o - Phage tranzitions of the 1zt kind

BExtemnal additive

-~ Phase tranzitionz of the 2nd kind
- Change of phyzsizal parameters

- Change of chemical parameters
~Change of motion parameteers
- Formation of mixtures

- Structurnization

¥ [ iation of pores and capillares

> zgegmentation to particles




GFIN System Modification Pattern Module — Standard 1.2.2\;%)’”/»’«77"
GFIN Problem & Solution Manager

Problems & Solutions: ® Problem description:

Design Scenanias. | wind Turbine, scenario #1 - Mame: |ARIZ1.7. -» Suface area
'ﬂ' LUHHLririg e el dl wadl iz UUECuE WILET DTG Liaue riid g CUiiare =y

) . -~ | want ta: |
g Segmenting the long blade into several parts. increase blade surace area

-] @ ARIZ - 36 -> large surface area it increazes weight of the blade
' Fully coordinating the action create between the blade parts and th...
iy Intraducing bi-metal into the blade parts |
' Introducing High thermal expansion substance into the blade parts .
= @ ARIET.Y. - Suface area
' Introducing gas into the Heavwy blade.

(TN | ritroducing body with pores and capillanes around the Heavy blade.
' Intraducing woid inta the heawy blade.
i

=@ ARIZ 3.3-3.4 - width should be zmall and should be large

-

[ 2 Ammar=bimis o e biees

i 3 . : _
03 g (4= -l - BIUE S -
Show: Al device Component models - Rank Solutions... ag] =
Mame: ||mtroducing body with pores and capillaries around the Heawy blade. #  [Open Patterms
credle
Blade large surfac... Heawy hlade
surrnu%dad by
<] ey w5 vl Caplllaiies

“'ou may increase blade surface area by applying the concept "introducing
body with pores and capillaries around the Heavy blade"Standard 1.2.2.

Patterns/Standards suggest us to use for blade design pores and capillaries




2.2.4. Transition to Dynamic (flexible) S-Fields Models
Efficiency of the S-Field model could be improved by transition to dynamic (more

TRIZ - System of Standards: Standard 2.2.4.

flexible) structure of the system.

Explanations:

\>A|ify
&%)

TRLIZ

Transition to dynamic of S, (tool) usually starts with its breaking into two jointed parts.
Further, the dynamism proceeds along the following line: joint -> many joints -> flexible

S,.

()

()

/SN == S\ =

S,

Note: in our case -> blade, parts of the blade, and surfaces of the blade
should be flexible in the shape, in the parameters, in...

S,

S,

S,

S,

()

()

\ == \ ==

s,

S,

S,

66



Standard 2.2.4. -> Concept

Flexible wing - blade

FLEXIELE WING

b )
FIDTL'FITI:IL_ ————

COMFLIAKNT EDGE




N\ LS

Standard 2.2.4. -> Concept \a@
Flexible hull - blade TRIZ

Metal muscles made of alloys that remember shapes are connected to evenly
spaced vertebral column and shrink and expand as much as 8 percent as
they’re alternately heated and cooled, causing the 3-foot sub’s sectioned hull

(AND OUR BLADE AS WELL) to bend and flex.

Shape-memory
alloy wave shrank
when heated

—

The wave returns to their

Side-to-side wiggle
natural shape when cooled 68

reduces change of
a surface wake
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TRIZ - System of Standards: Standard 3.1.3. \@/@

TRLIZ

3.1.3. Bi- and Poly-Systems. Development of Differences of Components
Efficiency of bi- and poly-systems systems could be improved via development of
differences between their components (system transition 1-b):

» similar components with similar parameters (set of similar pencils);

« components with shifted parameters (set of color pencils);

» different components (case of drawing instruments);

* inverse combinations like “component — anti-component (pencil and eraser).

Q Q O _©

SON N = =

Note: in our case -> blade should be divided into different parts with shifted
or different parameters

69
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Standard 3.1.3. -> Concept &%)

TRIZ

Doubled propeller — Doubled blades

 The propeller is the contra rotating with a diameter of 4.5 m (14 ft 9 in).

» It has blades made of advanced composites and pronounced scimitar-like
curvature on the leading-edge. It offers increased efficiency under high-speed
cruise, and improved acoustics.

* There are six blades in the front propeller and eight in the rear, the latter
absorbing most of the power and providing most of the thrust.

70

http://www.aeronautics.ru/news/news002/news094.htm
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Standard 3.1.3. -> Concept &%)

TRIZ

Efficient propeller — Efficient blade

A propeller produces a propulsion that drives an airborne vehicle.

Disadvantage: This causes an air stream to be driven back, causing high turbulence.
This decreases the propulsion.

It is proposed to mount two stationary blades directly behind the propeller.
The two stationary blades act as an air stream stabilizer. The propeller efficiency
increases by 30% as a result of the air stream ordering.

.EET\ stationary blade

—b

Propeller
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Algorithm for Inventive Problem Solving — Part 2.1. \C@@)

TRIZ

2.1. Conflict zone (CZ) determination.

Blade body

15 large wind turbines, each capable of generating 1.8 megawatts can provide enough
electricity to supply 3,329 homes.

http:/www.communitvenerqv.biz/imas/qIIrv' blade event2.jpg
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Algorithm for Inventive Problem Solving — Part 2.2. %%

TRIZ

2.2. Operation Time (OT) determination.

OT is a T, (conflicting time -> time of wind flow low speed)

Note:

In our case we don’t have pre-conflicting time ->T, and post-conflicting time T,
because speed of the wind flow is always low for our situation and could not
be changed - it is a supersystem component.

Operation Time - OT

T2
Time of wind flow
low speed
Beginning of Ending of
conflict conflict

74
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Algorithm for Inventive Problem Solving — Part 2.3. %%

TRIZ

2.3. Determine substance-field resources (SFR).

1. Internal-System SFR: 2. External-System Resources
Substances: Substances:
» geometry elements of the blade; » air;
» blade; » drops of rain;
» rotor; > snow;
Fields: Fields:
» wind flow pressure on » wind flow;
the blade surface; » sun energy;
» centripetal forces; » gravity;
Parameters: Parameters:
» weight of the blade; » speed of the wind flow;
» length of the blade; » direction of the wind flow;
» width of the blade; » wind flow pressure;
» rotational speed of the rotor; » temperature of the air;

» area of the blade surface;
» torque of the blade;

» specific weight of blade;
» shape of the blade;

» blade center of gravity;

» distance between rotor

75
and earth surface;
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Algorithm for Inventive Problem Solving — Part 3.1. 5

TRIZ

3.1. Write down a formulation of IFR-1.

X-element while not complicating the system and causing harmful phenomena eliminates
large weight and large length of blade increasing during OT within CZ preserving
the ability of the blade with a very large surface area to rotate rotor with a high rotational

speed .

, Rotor - High rotational speed ,

X - ELEMENT [ Blade - Large weight
4\%,( Blade - Large length

Operation Time - OT

T2
Time of wind flow
low speed

Beginning of Ending of

conflict conflict 7
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Algorithm for Inventive Problem Solving — Part 3.2. %5

3.2. Reinforce (intensify) a formulation of IFR-1 with additional requirements:Tf’tIZ
must not introduce new substances and fields into the system - use SFR.

Variant # 1

- t Blade center of gravity replacement while not complicating the system

nd causing harmful phenomena eliminates large weight and large length of blade
increasing during OT within CZ preserving the ability of the blade with a very large
surface area to rotate rotor with a high rotational speed.

( 7\

» Rotor - High rotational speed
Blade center of gravity replacement (" Blade - Large weight

RS
/%( Blade - Large length

Operation Time - OT

T2
Time of wind flow
low speed

L
"

5

S

5
S
e

&
e
i

L
L
L

!
<
.

A

Beginning of Ending of 78
conflict conflict

E




Algorithm for Inventive Problem Solving — Part 3.2. %)

3.2. Reinforce (intensify) a formulation of IFR-1 with additional requirements™#=
must not introduce new substances and fields into the system - use SFR.

Variant # 2

X- nt Area of the blade surface increasing while not complicating the system
and causing harmful phenomena eliminates large weight and large length of blade
increasing during OT within CZ preserving the ability of the blade with a very large
surface area to rotate rotor with a high rotational speed.

( 7\

» Rotor - High rotational speed
Area of the blade surface increasing " Blade - Large weight

RS
/%( Blade - Large length

Operation Time - OT

T2
Time of wind flow
low speed

£
£
L%

o
S5

SIS

&

S
e

L
L

&
&
i

55
et
LS

&
S
&

!
o
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Beginning of Ending of 79
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Algorithm for Inventive Problem Solving — Part 3.3. \(@%}

TRLIZ

3.3. Write down a formulation of a PC on a macro-level (variant # 2)

Blade (CZ) during OT should be with a very large surface area to rotate rotor
with a high rotational speed and should be with a small surface area to prevent
blade overweight and over length.

|
[ Large surface area "Rotor - High rotational speed |

ﬁ
A ( :
[ A\%, Blade - Large weight

-

Small surface area

Blade - Large length

Operation Time - OT

T2
Time of wind flow
low speed

Beginning of Ending of

conflict conflict 80
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GFIN Patent Collections &%)

TRIZ

Query: flexible turbine blade Selected Patent: US-4291235

\ .
[lfle:-cil:ule turbine blade ” Find ]

Your guery was processed as a Hatural Language expression. Click here to process the query as a Boolean expression.
Click here to perform a fielded search in Patent Collections.

5 most relesvant result(s).

l Most relevant: Most relevant:

1. @ Each flexible turbine blade 40 is attached to one end of a turbine spar 358 as shown and tethered to flewible burbine blade (1)

an adjacent spar by turbine blade tethers 42, flesible wind turbine... (1]
IUS-5040948 Cosxial multi-turbine generator

4 Mozt relevart and 120 Relsted resultf =) from thiz document plurality of narrow... [1]

flexible contral of... [1)

2. @ meveral wind turbine designs, such as those described in L5, Pat. Mos. 4 352 B29, B 327 957 and _
5584 655 (all of which are incorporated herein by reference) describe highly flexible wind turbine outer partion of.. (1]
hlades. Related:

US-20040057825 &1 WWind turkine blade deflection contral system .
turbine blad

2 Mozt relevart and 119 Related resultls) from this document urbine blade: (37)
flexible Blade [16]

3. @ Aowater turbine, camprising: (a) a turbine rotor longitudinally extending between opposed ends of the blade [14]
rotar; and, (b a plurality of relatively narrow, flexible elongated turbine blades extending outwardly e e
from said rotar for communication with a water current, wherein: (i) said blades are... ade of wind... [8]

US-20040096310 A1 Apparstus and method for generating power from mosing water permanently magretized turbine... (5]
1 ozt relevant and 126 Relsted resultis) fram this document fleible: upper wiper... 5]
4 @l FIG. 17 is a perspective view showing a swash plate actuating linear potentiometers for flexible contral blade of gas... (9]
of turbine blade angle of incidence. number of turbine... (3]

UZS-4491 739 Ajrship-fioated wind turkine

1 Mozt relevart and 150 Related resultls) from this document Iet engine turbine... (3]

rurnber of radially... [3]

& 3 5 the rotation: ed of thH turbine | incr a component of the centrifugal force acting on the out- -
i 3 ; » to the outer portion of the torsionally flexible turbine

ting the Lll-u_i:E 'Lmut their radial. ..




GFIN Problem & Solution Manager &%)
Selected Patent: US-4291235 TRIZ

Design Scenanos: wind Turbine, scenario #1 . Mame: |ARIZ 3.3.-3.4. -» surface area should be large and should be small
'g’ IT I Lisendl rd e Lnaue i

iy Introducing High thermal expansion substance into the blade parts | ~ | want ta: |have flesible turbine blade
= @ ARIZ 1.7, > Suface area
' Introducing gas into the Heawy blade.
W' Introducing body with pores and capillaties around the Heawy blade.
g Introducing waoid inko the heavy blade,
- @ ARIE 3.3.-3.4 - surface area should be large and should be zmall
! Summary:; U5-5040945 Coaxial multi-turbine generator
Pl S urnrnary: 15 -4231 235 Windrl
) Separation ;i time
' Systern tranzition ;o subspstem
g Separation ;; in space -
02 L Amal Aaslibg
b d 3 K |ada «|lg - | B { S -
Show: | Al device Component modeks - Rank Solutions... we] =
Mame: | Summany: US-4291 235 wWindmil Open knowledae Search

T T CH T e L L T i o 0 D 5 LU= o T 0 A, 0 T Loy T [ Do o 0 P 3 (o Lo L o T o ¥ I e =0 U [ £ Gl S G 5 D T ¥ o LG, IO
conditions, and a tendeney toward self-goverming at high wind speeds. This simphfication 15 accomplished by meorporating the electrical seneration system mto the rotor sapport
systern and by wsing permanent magnet alternator components that are compatible wath this type of constraction. Specifically, the electrical generating system consists of a mumber

of concentrically stacked (modular) stationary nmltiple-pole wound stators fived to a non-rotating shaft meounted with its axis paralled to the wind floer. The turbine
blade system comprises a plurality of torsionally flexible cambered sheet airfoil blades rigidly mounted
to the same rotatable structure that supports and contains the permanent-magnet field elements.

FY

Features :
Specifically, If elllninates the need for shafts, gears, and other coupling devices between the turbine blade

systemn and the electrical generatng systeIN. The effect of these features individnally and in combination is to reduce the complexity of the wind

tu.tbme the generating system, and their associated parts. 4s the r-:-tatmn,al speed of the tithine increases, the pitch of the blades 15 atomatically and contirmonsly decreased so as ta
mmprove the aerodynamic efficiency at high tip speed ratios. & finther advantaze of the sabject hubul.e."generatnr confizuration 1s that the noaltiple-pole wound stators are fixed to
the struchare of the machine. This attermates the vibrations indaced into the swstem as the rotor waws to accommmodate a shifting wind divection. i
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TRIZ

Trimming results & US Patent 4291235 -> Concept

Stator of Permanent Magnet Synchronous Generator directly
connects Blades.

» Blades rotate directly Stator of Permanent Magnet Synchronous Generator.
Permanent Magnet Synchronous Generator works good for variable blades
rotational speed.

« Low-speed shaft, high-speed shaft, gear box, and other coupling devices
between the turbine blade system and the electrical generating system are

' — stator \/

blad
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Concepts Evaluation & Selection &5

TRLIZ

We have created 32 available solutions for farther development by using TRIZ, Value
Engineering, and Informational Fund (Scientific Effects Library, Patent Collections,

WEB based information), including:

from the Inventive Principles
(Inventive Principles Module).

from the Effect Library
(Effects Module):

from the System of Standards
(System Modification Patterns Module):

from Patent Collections and
WEB based information:

12

Improve funchionality zolutionz

E Simplify design solutions

14 - Curvature increase

15 - Dynamic parks

4 - Svrnmetry change

29 - Preumatics and hodraulics

One-zsided surface increazes area [Moehiuz band]

tdatar blade in farm of kMobiuz stip

Summary: LS-5302108 Air turbine handpiece

Surmmary: LIS-200301235973 A7 Propeller type windmill for power generation

B Solutions for uzer-defined problems

Introducing gas into the Heawy blade.

Introducing bady with pares and capillaries araund the Heavy blade.
Introducing woid into the heawy blade,

tdaking the long blade flexible.

tdaking the long blade flexible.

Creating protruzion an the lang blade.

Seqgmenting the long blade into several parts.

Combining several various objects with short blade into a common spstem.
[ntroducing one new object into the blade large surface area.

Fully coardinating the action create between the blade partz and the large =
[ntroducing bi-metal into the blade parts .

Introducing High thermal expanzsion substance into the blade parts

Surmmary: LI5-5040943 Coasial muli-turbine generator
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TRIZ

Ranking Strategy Creation

Define Ranking Criteria

Criteria name: TRIZ and alue Engineering
Formula:
k.= 41 + B2 + 873
Parameters:
. Farameter Mame Spmbol Impartance
|| Implementation Cost C 1 I
|| Implementation Time T L
d level of ideality M 4 IJ. ................... J ..................................... .
guantity of the produced electncal power * K2 & 1
technical feasibility - K3 g ! — 1
+ e pararneter -

Help ok, Cancel (87




Solution Ranking

Ranking Criteria: |TF|IZ and W alue Engineering

- || Edt.. |+ Formula: K = 47K1 + 6°K2 + 87°K3

N\ &
&

TRIZ

Qualitative

Rank Solution for: | 4]l device Campanent madels - | Solution Filer. Off Show Indicators
wru Better —
Introducing body with porez and capillaries around th|-1.00 = 100 - 1100 |-2.00 +*
M aking the lang blade flexible. 1.00 = 1.00 == 11,00 — . |18.00 —
Making the long blade flexible. 1.00 = 1.00 e 1100 - 11800
Segmenting the long blade into several parts. 1.00 = 1.00 == 11,00 m— . 11800
Introducing one new object into the blade large surfa | 0.00 0.00 L 0.aa L 0.aa *
Summary: LU5-5040948 Coaxial mulki-turbine generate | 0.00 0.0a . |n.oo . |n.oo *
Separation :: ir time .00 .00 . |0.o0 . |n.ao *
Intraducing gas inta the Heawy blade. 100 = 1.00 == . |0.00 . |10.00 —
[ntroducing woid into the heaswy blade. 1.00 = 1.00 == |0.ao 110000 -—
Cambining several vanous objects with short blade in|1.00 = 1.00 == . 1000 110000 —
Introducing bi-metal into the blade partz . 1.00 m 1.00 == . |n.ao 11000 —
3 - Local quality 1.00 = 1.00 == . |n.oo 11000 —
Syztem tranzition :; to subspsten 1.00 = 1.00 == S|o.ao . |10.00 —
Intraducing High thermal expansion substance into tk | 1.00 = 1.00 e 100 - 1200 *
Syztem transition :; to subspstem 1.00 = 1.00 wm 100 — . 12.00 *
Separation :: In space 1.00 = 1.00 == 100 — 1200 *
Creating protruzion an the lang blade. H00  e— 100 - |-B00 . | -BE.00 —
Fully coardinating the action create between the blac | 500 s—" 1.00 e 500 —— -4 00 S
B Gerneral Solutions
Efficient propeller - Standard 3.1.3. and GFIN Systerr | 1.00 = C7.00 - (500 — (] ——
Same Concepts bazed on timming scenaro B 1 and |5.00  se—" C(7.00 - (500 — G (]
Doubled propeller - Standard 3.1.3. and GFIMN Syster | 5.00  —"— C11.00 00— |G
Flexible wing - Standard 2.2.4. and GFIM System Mo | 1.00 = C11.00 = clooo , 11000 —
Flexible hull - Standard 2.2.4. and GFIM System Moc|1.00 = S1.00 o|oao : . |10.00 -
gt ol bimnn - -~ i -~ P -~ B
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Solution Rank Summary &)

TRLIZ

In total, 6 concepts were ranked as high level available solutions, having
the ranking equal or higher than 10, including:

# Title of Concept Ranking code
1 Stator of Permanent Magnet Synchronous 66
" | Generator directly connects Blades
2. 66
Doubled propeller — Doubled blades
3. | Efficient propeller - Stream stabilizer 50
. : : 18
4. | Blade in form of Mobius strip
5. | Variable-rigidity flipper - blade 18
6. | Flexible Wing - Blade 10

89



Best Solutions 5

TRIZ

1. Stator of Permanent Magnet Synchronous Generator directly
connects Blades.

» Blades rotate directly Stator of Permanent Magnet Synchronous Generator.
Permanent Magnet Synchronous Generator works good for variable blades
rotational speed.

« Low-speed shaft, high-speed shaft, gear box, and other coupling devices
between the turbine blade system and the electrical generating system are

' — stator \/
n- . ‘i“‘

blad
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Best Solutions 55
Doubled Propeller — Doubled Blades. TRIZ

 The propeller is the contra rotating with a diameter of 4.5 m (14 ft 9 in).

It has blades made of advanced composites and pronounced scimitar-like

curvature on the leading-edge. It offers increased efficiency under high-speed
cruise, and improved acoustics.

* There are six blades in the front propeller and eight in the rear, the latter
absorbing most of the power and providing most of the thrust.

http://www.aeronautics.ru/news/news002/news094.htm
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Best Solutions 55
3. Efficient propeller — Efficient blades. TREZ

A propeller produces a propulsion that drives an airborne vehicle.

Disadvantage: This causes an air stream to be driven back, causing high turbulence.
This decreases the propulsion.

It is proposed to mount two stationary blades directly behind the propeller.
The two stationary blades act as an air stream stabilizer. The propeller efficiency
increases by 30% as a result of the air stream ordering.

Stetionary blade
=T .

_h. 4'.

Propeller +—

92
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Best Solutions &)

TRIZ

4. Blade in form of Mobius strip.

A blade is fixed on a shaft by means of spokes. The blade is made of elastic
material and has the Mobius strip form.

Advantages:

1. The propeller blade in the Mobius strip form is simple in design.
2. The blade in the Mobius strip form is easy to manufacture.

3. The blade has a low aerodynamic resistance and increases the windmill
efficiency.

Aidr stream lade

The air stream rotates the blade made in the

93
form of a Mobius strip



Best Solutions 5

TRIZ

5. Variable-rigidity flipper - blade.

Different rigidity is required in swimming flippers under different water conditions
(governed by speed and length of stay).

It is proposed:

to use hydraulic constructions and variability (dynamism) to improve the flipper
design. One can form an enclosed longitudinal hollow in the elastic flipper
material. This is filled with an fluid whose pressure can be adjusted using a piston
valve. High pressure makes the flipper blade rigid. This can be adjusted to
optimize for current swimming (wind) conditions

Flipper

A-RA Hollows filledwith fluid

94



Best Solutions
6. Flexible wing - blade.

THHDVHDHHL@”HG

"

FLEXIELE WIMNG

o

T

HDTUHTDES —

—
.

COMFLIAKMT EDGE

http://i.timeinc.net/popsci/images/s acelO03wing A5 197.
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This repeatable process overcomes
common TRIZ deployment challenges
by showing a workflow and
methodology for how to get started
working on a problem with TRIZ, how
to complement TRIZ with Value
Methodologies for problem
identification, and how to leverage
internal and external knowledge
sources to accelerate concept
identification.
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Thank yo: very much

Isak Bukhman, TRIZ Master, Chief Methodology Specialist, Invention Machine
Corp., T: 617-305-9250 ext. 374 M: 617-407-2202 ibukhman@invention-
machine.com

Stephen Brown, Vice President Strategic Marketing, Invention Machine Corp.,
T: 617-305-9250 ext. 363 sbrown@invention-machine.com
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