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Problem-oriented Nine Screen Approach MA

Scenario

GEA is a manufacturer of packaging machines. GEA o
The task was to create a new vertical packaging
machine that could be installed in the standard —

. . . i : S
footprint of the old machine. In addition, this REESd 10 the new stardand
machine should be able to produce different
bag styles, run up to twice as fast and allow a

quick changeover from one style to the next.

d

How can all these requirements be met by the
new machine?

Copyright © GEA Food Solutions Weert B.V. 2022 — All rights reserve
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Different bag styles | B
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Aim of the workshop

Aim:

Concept of a vertical packaging machine
capable to produce D-Zip packages
at highest possible speed and quality

Product entry
Constraints:
* Process from forming shoulder to cutting of  Film to tube
bag |

* Must be able to produce known bag styles
(pillow, gusset, block-bottom, quattro, doy-
style, envelope) as well as new sr)ecial bag
styles (d-zip without bottom seal, d-zip

with bottom seal, three-sided seal)

* Should have approximately the footprint of
standard machine

 Speed: min. 100 packages per minute

A

MATRIZ Official

Longitudinal sealing

Bottom / Top sealing

Picture: © GEA, GEA Food Packaging Guide EN

Copyright © GEA Food Solutions Weert B.V. 2018 — All rights reserved

© Dr. R. Adunka, G. Hubner, M. Weidlich 8

The International TRIZ Conference ITC 2024 e MATRIZ Official



Overall project (duration 1 year) B

Output of Output of - Josi "
workshop project LICERE Bzl ©

vertical packaging
machine capable of
producing also D-Zip

1st Workshop:
Collect known solutions,

main problems and
EER

Analyze process, tasks and
problems deeply to have a Find addition new, attractive
good understanding of most or out-of-the-box solutions
important problems

Create overall solution
concepts for vertical

packaging machine

© Dr. R. Adunka, G. Hiibner, M. Weidlich o) The International TRIZ Conference ITC 2024 e MATRIZ Official



Tools used in the coaching approach e

First 3 days (Kick-Off + 2 days core team):

* Brainwriting

 Gallery method

* Innovation Situation Questionnaire (I-TRIZ, Ideation)

e Cause-Effect-Diagram according to Ideation (I-TRIZ)

* Process Analysis (graphical and tabular)

 Weighted Evaluation for comparison of the overall concepts

Second workshop:

* Detailing concepts: Overall layout, Preseal Zip, Sealing, Zip-Handling

e Evaluation methods

* Patent circumvention of three patents with function analysis and trimming
e Cause and Effects Chains Analysis (CECA) for fixed position knife

Third workshop:

e Cause and Effects Chains Analysis (CECA) for quality of bag shape

© Dr. R. Adunka, G. Hiibner, M. Weidlich 10 The International TRIZ Conference ITC 2024 e MATRIZ Official



- . . . A
Problem areas, first ideas and improved ideas list ~ ww=orea

Copyright © GEA Food Solutions Weert B.V. 2018 — All rights reserved Copyright © GEA Food Solutions Weert B.V. 2018 — All rights reserved
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. A
First overall concepts MATRZ Oficia

Copyright © GEA Food Solutions Weert B.V. 2018 — All rights reserved Copyright © GEA Food Solutions Weert B.V. 2018 — All rights reserved
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- A
Process analysis - -

© Dr. R. Adunka, G. Hubner, M. Weidlich 13 The International TRIZ Conference ITC 2024 e MATRIZ Official



Innovation Situation Questionaire WATRZ Offica

ISQ was used to compile the
information.

The diagram according to |-TRIZ
helped to find a decision that
could not be found before with
other analyses.

© Dr. R. Adunka, G. Hiibner, M. Weidlich 14 The International TRIZ Conference ITC 2024 e MATRIZ Official



Evaluation Concepts Sealing "

2 solutions are best ranked, problems to be solved addressed

© Dr. R. Adunka, G. Hiilbner, M. Weidlich 15 The International TRIZ Conference ITC 2024 e MATRIZ Official



GEA SmartPacker CX400 D-Zip il

Patents filed:
e WO 2022096453 A1l:

Asymmetrical form shoulder - D-Zip
« WO 2020078869 A1l:

Bag with a segment of a re-closure means - D-Zip
* and other

Picture: © GEA, CX400 D-Zip-brochure, gea SmartPacker

Copyright © GEA Food Solutions Weert B.V. 2022 — All rights reserved
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GEA SmartPacker CX400 D-ZIP B

u YOUTUhe https://www.youtube.com/watch?v=0Vg9hFu_XJU

17 The International TRIZ Conference ITC 2024 e MATRIZ Official



A
Lessons learned from the example

* The creative tools of TRIZ are used more for individual work. In the workshops to
coordinate the approach, the problem analyzing tools are mainly used to
develop a shared understanding of the problem.

* The coaching approach means that the development group can always consult
with a method expert. Rudimentary knowledge of the method by the developers
is desirable.

* TRIZ helps to get over difficult parts of the project, in between a lot of normal
development work must be done.

Area of application of TRIZ:

Project accompanied in the early stages of product development: Starting from a
one-day workshop where many people could give their idea input, a small
developer group continued to work over a few months. Further small workshops to
coordinate the approach as needed.

© Dr. R. Adunka, G. Hiibner, M. Weidlich 18 The International TRIZ Conference ITC 2024 e MATRIZ Official
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sz \WHAT IS THE PROBLEM? wATRZ Ofica

Problem Source :

@ L&T Technology Services

Problem ldentified In:

Seasonal Drop in Sales of products Displayed in Glass Door Refrigerators

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 20
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20 THE PROBLEM:

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover

Not Clearly
Visible

A
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IMPULSIVE

BUYING|
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Szro FUNCTIONAL MODEL:

Refrigerator

Compartment

Pick & Drop
item

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover

See through

Cooling System

Condenses

|solates

Changes
environment

22
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2z..0 CAUSE EFFECT CHAIN ANALYSIS:

Poor Visibility through Glass Door

Isolate water from glass

| Glass D . .
Remove Water From Alr Hot humid Air

Cooling System External Hot air Isolation Of Air Humidity inside

Opening
glassdoor

Opening

glassdoor Food vapour

Poor sealing

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 273
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ez:.r0 PHYSICS BEHIND THE PROBLEM: MaTRZ Offca

Dew Point=>Tdp = Tn- [100 - R.H] /5

- Saturated vapor pressure
40 -+ Relative humidity

Where

Tdp — Dew Point in degree Celsius

Tn — Current temperature of air inside
refrigerator (in °C)

R.H — Relative humidity (%)

w
o
i

Condensation

N
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g |
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50%
Initial conditions
Cooling ” SO%RH, 21 °C

Vapor pressure hPa

25%

temperature

- - - - 0.‘
What is Relative Humidity? 15 20 25 30
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Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 24
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“zro IDENTIFICATION OF PROBLEM: MATRZ Ofrice

Main Issue:

Mixture of hot humid air with cold air inside the refrigerator when the door Is
opened.

.. Primary : Isolation of Alr
2. Secondary : Remove water from Alr
3. lertiary : Isolation of water from glass

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 25
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«z:r0 SOLUTION IDENTIFICATION: MATRIZ Ofca

Implemented Function Oriented Search [FOS] to Find the solution:

{Maintain optimal humidity Prevent microbial cnntaminatian]

[Ensure effective humidity control Ensure effective air isalation]

Prevent fogging and ice buildup]

{RE‘C’EL “’ater) [ Hydrophobic ]

Coating

(Ensure effective water repellency] Ensure effective defrnsting,’defogging]

PARAMETERS CONSIDERED:

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 26




Hnp A\
2o LEADING INDUSTRIES:

Hydrophobic Coating: Humidity Control mechanism:
Hydromer, Inc, Saint-Gobain Mitsubishi Electric, LG

© Condenser(heat discharge)

Dry air Wet air

process
mm) Refrigerant circulation
process

msp Dehumidification ]

Rear window defroster: Air Curtain:
Kia, Tata Motors . Lamsystems

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 27
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220 CRITERIA METHOD:

Rear window
defroster
2 Humidity
=) control
f=) mechanism
= echanis
o
- Hydrophobic
coating
AIr curtain
Cost Aesthetics Reliability  Difficulty Power Effectiveness Maintenance
In Consumption
Implemen

|\/| PV tation

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 28
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sz:ro RADIAL PLOT OF SOLUTIONS:

Reliability

HSesthetics

Implementation Difficuloy

Energy Consumption

"]
Maintenance

Effectiveness

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover

—&— Rear window defroster
—e— Humidity control mechanism
—e— Hydrophobic coating

—e— Air Curtain

Implementation Difficulty

= )"
Energy Consumption

29

Reliability

m®=n Rear window defroster

m®em Humidity control mechanism
m®=» Hydrophobic coating

@ Air Curtain

-
Maintenance

o~
Effectiveness
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D A
ez PRACTICAL IMPLEMENTATION: ATRZ Offca

Implementation of Vertical Air Curtain:

Initial Setup: A vertical air curtain was added to isolate the
refrigerator's internal air from the external environment.

Curtain Length: The vertical orientation was chosen to cover
the entire opening, resulting in a longer distance that the air
curtain must span to minimize air exchange.

Secondary Problem with Vertical Air Curtain
Implementation:

Inconsistent Air Flow: The extended vertical setup leads to
uneven distribution of air, requiring higher energy consumption.

Partial Air Containment: The air curtain may not fully prevent
alr exchange, resulting in temperature fluctuations.

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 30
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«zr»o SOLUTION TO SECONDARY PROBLEM:

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover

lorizontal Air Curtain Placement: Shift the air
curtain orientation from vertical to horizontal to reduce
the distance It needs to cover.

Advantages:

Stronger Air Curtain and Efficiency: The shorter
horizontal span creates a stronger air barrier, improving
Isolation and enhancing temperature stability.

Additional Advantage:

* Reduced Power Consumption: Hot and cold air are
less likely to mix, reducing the load on cooling systems
and further decreasing energy use.

31

A

MATRIZ Official



D A\

>CEPD MATRIZ Official

THANK YOU!

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 32
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An existing contradiction in one of the lines of society development

Possible solution to the controversy

Conclusions and recommendations - demonstrating a model for preparing future
innovation leaders

34
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A resolution of the contradiction is required



Origins of TRIZ in Education MAH.
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Social sphere
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1+1=10 / When is it possible? mAffl

‘-_n

q

e New knowledge and skills e Development of one's own thinking e Formation of divergent and critical
e Introduction of new creative teaching and its translation thinking
methods e Development of the child's personality e Developing a bold controlled imagination
e Preparing a new generation of and 'Ehe necessary compe’Fe.ncies e Soft skills development
technology leaders required by external conditions e Development of memory, attention, rich
T e Increasing motivation for teaching and * Solving life's problems speech
5 learning ﬂ 5 e I[ncreasing motivation to learn
© = =
Q ) ©
- — —
© L
Q. O
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The outcomes of Creative Learning /A
. MATRIZ Official
Practices

* Conducting the study
«lncorporating Innovation in the Educational Process»
from 1989 to 2006 (children from 6 to 10 years old)

[ | Experimental classes

42
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Svetlana Guin, PhD, BY BLR
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Pedagogical Innovations

- A

\ S\ \\ —)
Development of new pedagogical realization of creative potential
models and methods for the study of
. . Vet e ) NN ey
educational subjects based on TRIZ gi}‘?%‘@ 53

technology

43
«Levels of cognition»

«Levels of creativity»

«Geometric solids»

«Bee» - a methodology for developing pupils' independence
when studying their native language

and others

43
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The results of TRIZ training of students
In Korea

Q:

Was TRIZ helpful
in developing
thinking power
and creativity?

Response (%) 68 32 0 0 0

44

strongly strongly

disagree

— disagree

A

MATRIZ Official

= <
Bse™ o/l

Yong Won Song, Professor, KR

After taking the TRIZ course, the students agreed that their ability to solve problems has been improved

dramatically and they came to have confidence in solving various problems they would face later in everyday
life. All the students reached a conclusion that TRIZ was helpful, which means TRIZ education has a bright
future in Korea, where many universities seek the good creative thinking methodology.

44



The realizing the potential of A
graduates (TRIZ+)

30%
27%
25%
20% 18,90%  18,90%
16,20% |
15% ‘
10% Olena Gredynarova, Ph.D., UA
5,40% 5,40% 5,40%
5%
’ Integration of TRIZ into the
0% school curriculum of Eidos
e
o @e 66{\ @9 O(\ A 0P Schgol allqwed st.udents to
© '\5@' N\ : S A realize their creative
© e B 6\%‘ o (0 o\ e . .
o W «° @\%{‘ Q abilities in their professions
Sh
> \
¢
oo
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Composition of the Methodological Council of the International Institute
for TRIZ Development in Education




Function
Analysis

Cause-Effect 47
Chains
Analysis

47
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Inventive Principle
Application

Algorithms for
solving problems




First face-to-face event on TRIZ in A
education

* Organizing training sessions on TRIZ in education within the framework of the International

Conference MATRIZ Official, as well as participation of alumni as speakers

XN — - T
.;' e

More than 800 participants from 27 countries

48
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Festival of innovative projects MATRIZ Officia
"WORLD OF CHILDREN'S IDEAS”

250 participants from Belarus, Montenegro, Spain, Sweden, Russia,
Estonia, South Korea, UAE and other countries

49
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Feedback from parents and children after TRIZ classes
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Feedback from parents and children after TRIZ
classes

51
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Integration of TRIZ into mathematics A

MATRIZ Official

and languages

98% of graduating students achieve high level results in math Olympiads, and are accepted to
prestigious schools, Johns Hopkins University, Harvard University, Stanford University

* Math Kangaroo

State Mu Alpha Theta Math Contest

Math Challenge Tournament

e The AMC 8 is a contest for students in grades 8 and below, hosted annually by the American
Mathematics Competitions (AMC) to students all over the United States

 MathCounts - a national middle school mathematics competition

e Stanford Math Tournament

USA.

53



Creating innovations involving A\
. MATRIZ Official
business customers

a—

Engineering solution
Start-up

54

Students from the Faculty of Innovatics

Olga Shamina, Representative MIR TRIZ,
Ph.
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Achievements of MIR TRIZ alumni wATHE Official

- Addressing pedagogical problems

- Integrating of TRIZ technology into new spheres: career guidance, educational
neuroscience, sports orientation

- Creating of educational games by MIR TRIZ alumni
- Changing professional activities and starting my own Children's Learning Club

- Writing a book on creativity

- Creating an adolescent training program and its implementation to attract graduates to

the steel industry
55




Conclusions and recommendations

The needs of the
family and
society

Education and TRIZ

training integration

TRIZ- Adult and child
technology* education

A
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Results of TRIZ integration in Education

e - Ability to think structurally and analyze problems using a
systematic approach.

* - Ability to identify problems and contradictions, determine
the reasons for their occurrence.

e -Search for hidden opportunities in ordinary things and
phenomena.

e - Application of algorithms and methods of creative
thinking development.

e -Self-confidence and self-reliance when faced with
unforeseen situations and challenges.

e - Readiness for rapid changes in technology and society,
adaptation to new challenges of the modern world.

57
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Inference

«Creativity - is a universal human function that
leads to all forms of self-expression» - A. Maslow

«Human beings can be creative in their social

re
ot

ationships, in their ability to communicate with

ners, in their ability to experiment in any field of

knowledge» - Anderson

58
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BC 3500 — Mesopotamia — Bronze age

e =

re - The evolution

BC 3000 — Metal Reinforced Chariot whe

G

el BN .
=N

)\ Metal Reinforced low
/= Wweight wheel

1845 — Robert William Thomson — Pneumatic Tyres (Air-filled) :\

Q=
Nt w1888 — John Boyd Dunlop, First functional Tyre

-
= e g
" -
o o

2023- SMART

2017- SMAR%% | "“-x—

‘,-_" ‘}-\—- = I
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(1 ‘3 ® 1839 - Charles Goodyear,
| by accidentally dropping sulphur with some India rubber on a hot stove.

R el | 1) Heated by Steam from inside and
Curing-Press i further pressurised by Nitrogen

Vulcanization / Curing

Car tyre : 15 to 25 min.
Truck tyre : 55 to 65 min.
Sulphur
Heat

(5
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Problem Definition

Tt/ Tb : Temperature at mid-Tyre inner top / bottom

>

Tt

Temperature

Indicative temperature profile

|deal |, A = Zero

IA

%

2

L

Tb Nitrogen Steam

Curing time g
System Components
1 Bladder Top 5 | Steam &
2 Bladder bottom | 6 | Nitrogen
3 Inlet Port 7/ | Condensate 1
4 Outlet Port 8 | Water droplet 11

Super system Components

Mold

Air

Gravity

A

MATRIZ Official

-

r
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Problem Statement - Key issues and Objective

Vulcanisation degree different for upper
and lower sides of the green tyre

oor temperature uniformity inside
bladder

Temperature difference between top
and bottom sides inside the bladder

|

Stagnant Steam -

|

Stagnant steam
condensate on
bottom of bladder

Nitrogen mix
inside bladder

A\

MATRIZ Official

There Is a great need for a technique for
uniform vulcanisation of the ‘green’ tyre by
improving the overall temperature uniformity

Inside the bladder

- This is a case study of the application of TRIZ
modelling and analysis to define key problems , identify
root causes and find solution directions as an example of
effective application in a critical manufacturing process.

- Industry practices , current technologies and patents
are also mentioned to compare with derived solution

concepts

©Unnikrishnan G & Suresh Rajan
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Function Analysis of the system- a snapshot during the curing process

Tyre —
Outer

Heats

Holds

- {Heats}

|

Stops

"'t"l'"

Tyre —

__: :- _________ -:4.__-Heats____
| - |
<+«!—]Heats I Bla_l(_joder | el
B p .
[ s !
I Condenses :
I Bladder- A !
bottom FEEIE

Heats

Cools

Air

Gravity

Pushe% '

Nitrogen

Condenses

Condenses

W

A

MATRIZ Official

Directs

AN

Stops

Moves

[
I

Inlet
port

Directs

Outlet port

Condense water | .-~ Harmful (Negative) ~ -

Insufficient =~ ~— © >

©Unnikrishnan G & Suresh Rajan

65

The International TRIZ Conference ITC 2024 e MATRIZ Official



Cause Effect Chain Analysis AN

Insufficient Curing uniformity of the tyre MATRIZ Official
Inadequate curing in bottom of tyre

| Insufficient temperature of bottom tyre |

x
A A
Bladder bottom heats Tyre inner Tyre outer heats Tyre inner
bottom insufficiently bottom insufficiently
)
L Ll ]
’ _ . Mold heats tyre outer Steam heats Mold
non homogenous mix of Steam heats _bl_adder — Condensate water cools bladder insufficiently insufficiently
nitrogen and steam bottom insufficiently bottom (harmful)
1 1 — .
mix is stagnant Condensate water Condensate water Stops Gravity pulls water
¥ cools steam (harmful) Steam (harmful) droplet (harmful)
Insufficient pressure 1 . I 4 ]
differential Condensate not drained properly Water droplet forms Condensate Bladder top guides Bladder bottom guides water
y . b water (harmful) water droplet insufficiently droplet insufficiently
) excessive water fraction
Outlet port moves pondensate Nitrogen pL_Jshes. cpndensate in incoming steam
water insufficiently water insufficiently
7 1 —— I .
. . Nitrogen Condenses Steam Steam condenses Bladder top
Outlet port height above Inlet Pc_th pu_shes nitrogen (Harmful) insufficiently
condensate level insufficiently %
5 A .
Steam heats Nitrogen Nitrogen Cools Steam Nitrogen comes in Cold nitrogen is used to Steam Condenses Bladder
insufficiently (harmful) contact with steam press bladder bottom Insufficiently _
A % * Excessive Thermal
. . | Conductivity of bladder
Nitrogen is cold I
Steam Pushes Bladder Steam Pushes bladder
bottom insufficiently top insufficiently |
f Insufficient steam pressure I
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Key problems based-on FA and CECA

Trimmings Key Disadvantages

Key Problems

A

MATRIZ Official

Responsible Components
(Add / Remove)

Steam condensate on bladder bottom
1 ‘stops’ steam (Barrier for steam-to-
bladder heat transfer)

How to reduce steam forming
condensate water?

Condensate water, bladder
bottom

How to make outlet port move
condensate water
continuously?

Condensate water, outlet
port

2 Nitrogen condenses steam

How to reduce Nitrogen
cooling steam?

How to prevent Nitrogen
contacting steam?

Nitrogen , Steam

Non-homogenous mix of Nitrogen and
Steam

How to reduce Nitrogen-
Steam stagnation?

Nitrogen , Steam

©Unnikrishnan G & Suresh Rajan
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Tr|mm|ng exercise - Steam A

MATRIZ Official

b Directs
T Tyre — Bladder- %
Inner Top Stops Inlet
Tyre — \ port
Outer [|Holds Tyre — D
Bladder' S| IMoves
Inner :
bottom .
-{Heats} bottom '
1 :
: : Directs
Heats| | StoPs E Stops
' ' QOutlet port
Moves
Moud | — M T~_ N\ o
Movés
Pulls FOxd ! Stops
Cools :: Cools ,/,'
e / Useful (Positive) =——p
Harmful (Negative) — ~— — ™
InsSufficient == == == =l
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Steam-trimmed model and solution

[ —— . | — ‘ :
: ! \ | Self-heated / non-contact heating of bladder
'l Tyre - ] : Bladder- |
| |Heats | 4» <+ — Heats |— |
. | Inner Top ' | Top |
Tyre — : : ! |
Outer [{Holds» [ — " | ! : Electro-magnetically-
| I¥mer . | Bladder- \ heated bladder
| Ml bottom :
-IHeats| 4»| bottom | ' I
’ $ e e e I Sere—r—— ]
Heats | |>1OPS Pushes
: |
Nitrogen «IMoves—| Outlet port
Mould T B
Stops Directs
Cools
- Inlet ?‘
port . . .
Air | .| Inject Nitrogen instead of
Steam

Patents can be found on electromagnetic heating of Nitrogen / bladder
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Tri

l |
'l Tyre — |
| Heats ¢ Heats
T Inner Top | !
—| Holds > l
Outer : Tyre — | |
-{Heats! 4»| bottom : ]
4 I " ] '
Heats Stops
Water
droplet
Mould
i Heats
p——'
Cools
\.
Air Gravity

A

MATRIZ Official

Directs
Nitrogen K \
Stops Inlet
\ : \\ port
Condenses @ Moves
Bls E Directs
| Stops
: Outlet port
ot
Moves
Steam N
Stops

Condense water

~Useful (Positive)  m—

" Harmful (Negative) — ==

Insufficient = = - .’
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Bladder-trimmed model and solution A

MATRIZ Official

Tyre —
Inner Top

Flexible Mould

Quter |[Holds

Tyre —

Inner
-{Heats} pbottom
1
Heats | | Stops Bladder trimming * Poor heat transfer == Cycle time
: Considerations : * Limited life == Cost, Replacement time
Cost, Quality , Time * Failures == Quality , Safety
o One example is : Direct Pressure Curing Technology*
ou s
-~ -, - - - - - Steam
Cools |

/ ‘ ’
{ |
¥ 1
o o3 k! :
<\ |
\ A
\ \ | : »
\ ) A\ | :
& \
. AR -
' A |
J W ! -
\ |
/ \
/ \ |
f | A 4
o |
et [ ‘
Air Gravit -\ |
I VI |
y P> 1
{ ) \ .
| -
] >

*Zhang_,J LTan,J. L, X., and Yang,W.(2016).Energy saving curing and precision manufacturing technology of tires. AIP Conf. Proc.,1713,130002
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Key Problems for Technical Contradiction - Examples
01 02

Cold nitrogen is present There is no gravity

Tyre gets pressurised for curing Condensate will not collect at bottom

Temperature goes down Mould system is more complex

Specific Generalised Specific Generalised

Improving Parameter Pressurisation |Tension/ Pressure| Improving |[No condensate Amount of

Parameter |[collection at bottom substance

Worsening Parameter | Cooling Temperature —
Recommended Inventive Principles: Worsening |Mould system Complexity of filled with
pies. Parameter complexity a device /  condensate

35. Parameter changes 39. Inert atmosphere
19. Periodic action 2. Taking out

Condensate film
that fills
mterstltlal space

Recommended Inventive Principles:
3. Local quality 13. ‘The other way round’
27. Cheap short-living objects 10. Preliminary action

Chosen Principle : Parameter changes

Solution directions _

Raise Nitrogen temperature before or inside the bladder

Chosen Principle : Local quality
An open cell foam texture inside bladder for water
droplets to be collected and not trickle down

\\\\\\\\\Q\\\\\\\\\\\\\ \ RN

¥

»
D g
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An extra layered bladder in bottom
portion. This could be inflated to
drain the condensate as and when
required

Solutions :
Segmentation

Separation in space

Inventive
Principles

y 1. Segmentation 2. Taking out 3. Local
quality 7. ‘Nesting doll’ 4. Asymmetry 17.
Another dimension

Condensate port height should be LOW in order to drain continuously
= BUT ;

Condensate port height should be HIGH in order to reduce
manufacturing complexity

~ ©Unnikrishnan G & Suresh Rajan 73 The International TRIZ Conference ITC 2024 e MATRIZ Official
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Preheating of bladder to reduce
condensation

Dynamics: Inlet steam open when
outlet closed instead of keeping inlet

Segmentation and outlet closed during steam hold

Inlet / Outlet - Open

Direction .
Separation in Time

Inlet / Outlet - Close

W
f "
Way to J

Resolve

% 15. Dynamics 34. Discarding and recovering 10. j>
Preliminary action 9. Preliminary anti-action 11. In- H

Separating contradictory demands
Inventive

Principles

advance ‘cushioning’

\ |
_ Q Steam condensation should be HIGH In order to transfer more heat
BUT ; Steam Steam
- Steam condensation should be LOW In order to prevent water IN IN
barrier film
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Substance Field Analysis - by 76 Inventive standards

Problem solving approach : Standard 1.1.1 (1.1.1.2) @

"Outlet port moves Condensate water insufficiently” O A

Outlet port unable to drain water as outlet port is above water level Nitrogen Condensate
- Movi t t water t tlet port b isti - Nit
Problem solving approach : Standard 1.1.1 (1.1.1.2) 0 OYInG STagna WEET 10 OHHER Ot By XSRS resofree - THogen
Solutions

O

| F1: Nitrogen pressure differential within bladder cavity to drive condensate-up
F2: Nitrogen directed on condensate during entry into bladder cavity to
Q Q break down into droplets and mist in the chamber

Condensate Outlet port

The object is subjected to the action of a physical field to | .
move water up against gravity Vo

Solutions

1. Use capillary effect to draw condensate-up — " TG

S

3

NS>
o b / -
4 . .‘ ’ !:
[ 1521
{ — | g
Ey5ed
{ ‘ | |
2 = J
SRaRET
y
y
v
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2. Use mechanical field (pressure) to push condensate to the outlet port
3. Use mechanical field (physical) to move condensate up to outlet port :
rotate the mould system - dynamic
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Substance Field Analysis - by 76 Inventive standards

Problem solving approach : Standard 1.1.1 (1.1.1.3) Solutions

Create and improve interaction by synthesis of Su-Fields which

roduces the necessary change in the object. :
. R . Field Substance

e Flexible tube immersed in
Mechanical (Pressure) condensate water connected to

O 0 0 O outlet port

Condensate Outlet Port

Steam; thermal field would convert

The object (stagnant water) is subjected to the action of a new substance Thermal
and physical field. Field is missing to move water up against gravity water S1 to steam S2
_ Fins / vanes attached to centre post
Mechanical _
( Physical movement) to drive the condensate water to the
port
_ Thermally conductive beads having
Mechanical

( Physical displacement) [ suitable shape and size to raise the

water level to the port
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Substance Field Analysis - by 76 Inventive standards

Key Disadvantage 2 Problem solving approach : Standard 1.2.4
“Nitrogen used to pressurise bladder condenses Steam” Introduce a new field to eliminate harmful interactions between two substances
. Direct contact of two substances is necessary
Identified Problem

E\ E (
! N 4 \\
/ \ / \
I LY i \
7 \

How to reduce Steam condensation caused by Nitrogen contact

during pressurisation ? = o
Problem solving approach : Standard 1.2.1 OWO OA - S5
Introduce a third substance between two substances which breaks the Nitrogen Steam
harmful effect of interaction while preserving the useful effect of Introduce a new field between Nitrogen and Steam. Transitioning to a ‘dual

interactions.
Direct contact of two substances not necessary.

o o

/ \ \ Solutions

/ \\, \'\
/ \ — L\
/ \ o \.

Su-Fi’, in which the useful effect is provided by the existing field while a

new field neutralizes the harmful effect of thermal field (cooling of steam)

1. Use existing Steam to heat the Nitrogen while entering

2. Use pressure field of Nitrogen with "vortex" to create a thermal

Nitrogen Steam [ field heating the Nitrogen during entry
Thermal field (cooling of Steam) is to be destroyed. l Cold N2
Introduce a new substance between Nitrogen and Steam ‘
Solutions
—VviL N )
To avoid contact , provide a separate bladder for Nitrogen = . |
— Hot N2

inside the bladder containing Steam

©Unnikrishnan G & Suresh Rajan
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Overview of Industry practices and technologies Y

Incremental Radical Innovations
Innovations |

Intermittent

condensate |
purging with Higher bottom
Steam and 0 . e ) Gas circulation pump *
: emperature
Steam quality Outlet port outside to circulate N2 -
improvement P

design, lowering
and , increased
area for improved

Steam mix

Inlet port designs condensate Flexible metal mould inside ,
to direct steam / draining Bladder clamping > _ :

N2 to push ring design for induction — heated

e condensate to o directing
outlet/ for condensate
improved : : towards outlet
Nitrogen-Steam M“;;'f&rlte??j:g" Hot Nitrogen / N2 heated
mixture ) .. cer. s
e improved 3) inside with internal fan
Nitrogen — Steam

circulation, without Steam

mixing

* Gas circulating unit , Rocky-lchimaru Co. Ltd; Japan
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Outcomes / learnings

Systematic analysis with tools like FA, CECA, TC & PC and
identify key problems

Derived solution directions with different tools : Conclusion @

Trimming, TC , PC & Su-Fi in a process system

MATRIZ Official
Corrected

2

TRIZ tools can be effectively

9 Derived improvement concepts , and compared with applied in the process industry :
industry practices , technologies / patents
® Provides a comprehensive
understanding of the underlying
causes of a problem

Electrical heating system and hot Nitrogen
system evolving

Improvement concepts for existing systems with ® Gives innovative solution
Steam / Nitrogen , which is most prevalent directions

Tyre design also evolving with radical innovations
6 * Cauvity inside tyre for air is getting eliminated with Non- Pneumatic
‘ Tyre (Air-less)

* Result: Entire manufacturing system will change from current

* ©Unnikrishnan G & Suresh Rajan 79 The International TRIZ Conference [TC 2024 e MATRIZ Official
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Q&A

Thank You
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earch on PBL(Problem Based Learning)
based on TRIZ

Jung-Hyeon Kim, Ph.D

TRIZ Master, Diploma No. 104

Professor, Kumoh National Institute of Technology



01 Whatis PBL?

02 T-PBL+ & Case Study

03 Conclusions
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What 1s PBL? TRIZ

O PBL (Project vs. Problem Based Learning)

— Project Based Learning J

Problem Based Learning J i%

PBL

ESSENTIAL READINGS IN
PROBLEM-BASED LEARNING

Problem Problem Data Idea Outputs

Situation Definition Collection Generation Presentation

83



What is PBL? TRIZ

O PBL (Problem Centered vs. Based Learning)

Problem-Centered Learning Problem-Based Learning

*» Problems are given as a way to check whether | «< Problems are presented as a way to begin

learning has been carried out properly learning

¢ A simple problem applying one or two factual *» A broad range of questions encompassing
knowledge or principles everything you need to learn

¢ The instructor informs the learner of the * A complex problem where multiple concepts
iInformation needed to solve the problem and principles work together — multiple
through a lecture. solutions, not just one

¢ Learners must find answers to problems by
themselves — the instructor plays the role of
facilitator

[Barrows & Mayers, 1993]
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What is PBL? TRIZ

O Representative Model for PBL

s Olin College D s,
MINERVA Do More in Four Years of Engineering

NEWS: Project JEDI, incubated at the Olin College of Engineering, unveils first fully

extending and retracting DIY Lightsaber
A dynamic problem solver |
O MINERVA e ana . Shabon = Y  Costect ' ! HeroTech

A New Way to Learn

Year-long projects solving
real-world problems

e L I A e T Y




What is T-PBL+? TR

innovation

O T-PBL+ (TRIZ Based PBL) in Our University

+ : advanced

Empathize Define Analyze Generate Evaluate Verify
Find

Problem Problem ldea

Problem / Situation

P Kit=ezesamom

Selection of Test, Patents

Identification Generation Final Solutions Application

Generative Al

Kumoh National Institute of Technology
T-PBL+ 1st stage (1St Semester) T-PBL+ 2"d stage (2"d Semester)
On/Offline Course M Implementation of Project 4 Performance Test P S Performance Analysis
. o . W

3 Problem Analysis F 4 Idea Generation 3 Prototype Implementation 6 Wrap up

P _ v _ o
2 Problem Definition 5 Evaluate Ideas 2 Design and Simulation Patents Application/Registration
. . Writing Papers

W

AN . ' S Technology Transfer

1 Problem Situation 6  Selection of Final Solutions 1 Project Plan Production/Process Application
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What is T-PBL+7? TRIZ

O Project from T-PBL+ (TRIZ Based PBL)

Goverment

** Mechanical industry field

* Smart factory/farm field

** National defense logistics field
 ICT field

> Etc.

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems
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What is T-PBL+?
O Project from T-PBL+ (TRIZ Based PBL)

| Establishment of a system for collecting chronic problem from companies ]

[KIT Project Market Homepage]

T-PBL+ Class

Problem Visit & Discuss
Selection at Business Field

Problem

88



Case Study from T-PBL+

O Effective Removal of Flash in Rubber Couplers

v' Study on the complete removal of flash of the coupler assembled on the motor shaft of C-EPS
— A coupler is a part that is assembled on the motor shaft and transmits power
— Maintaining rigidity and adhesion of rubber are required in the process of transmitting
repetitive torque
v' The coupler is composed of rubber and auxiliary materials and is completed through a curing

process using a mold

Coupler ass’y

C-EPS (Column Type Electric Power Steering)

89
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Case Study from T-PBL+

O Effective Removal of Flash in Rubber Couplers

When the motor rotates, noise occurs due to friction between the flash and other

Problem
parts

[ Root Cause Analysis |

Noise Generation

Flash Removal Manually

Friction between Coupler & Housing

I

Remained Flash

Insufficient Flash Removal

[ Coupler ]
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Case Study from T-PBL+

O Effective Removal of Flash in Rubber Couplers

v' Key Problem : How to remove flash sufficiently? (maintenance of cavity 1)

— Reversely, if we increase flash...? — Then, it’s more easy to remove thick flash

=! — But, the amount of wasted material increases
Re ined Good } Upper Cavity
v
Pro ivityt Flash
Lower Cavity -
Maintenance of Cavity 1 g4 e

Thick Flash



Case Study from T-PBL+

O Effective Removal of Flash in Rubber Couplers

v Key Problem : How to decrease wasted material?

= Precisely control the amount of material in advance and put it into the mold

<Cavity Open>

------------------------------------------
0

_<Supply Rubber> <Molding Process>
c

Good

[ As-Is ]

[ To-Be]

Thick Flash Bad

— Q0 i E
—~ 34
. B

5 MR - o g
Bar Type: Jiis: £ T R
Raw Mater E a| [z T |
. e A TR, |
: o ‘.‘ ;4.!'-1 -..-*M.\,g‘ _&)ﬂ{

. .
-----------------------------------------

>
i <Cavity Open - Rubber>,: <Molding Process>
. chlocty —
: i . P4
d W=+ c -

BRI e

Ring Type
Raw Material

P, e g
-— S e B
S S 3 _
v -
.
= / % .
- x o |, =
2 > .
X N .
4 u
=) a2 'Y & Ky .
Jd .
B =
g B\ .
N "
2 »
L -

.
................................................

TR
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Case Study from T-PBL+

O Effective Removal of Flash in Rubber Couplers

v Key Problem : How to decrease wasted material?

= Precisely control the amount of material in advance and put it into the mold

| As-Is (Mold type) ] | To-Be (Mold type) ]

Top clamping plate

Pot T |
| Top clamping plate
i

Upper cavity plate

NI
-

Upper cavity plate

Lo on o

Lower cavity plate

Ejector plate ;ﬂm ;ﬂg ;ﬂm T |
- ] - | e Bottom clamping plate

Lower cavity plate | |
Lower support plate | -

[T ——
TN
T,
I — Ty

Bottom clamping plate
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Case Study from T-PBL+ TRIZ

O Effective Removal of Flash in Rubber Couplers

v' Key Problem : How to increase cutting productivity and quality?

= Semi-automatic blade device to removal flash — Cutting productivity & quality 1

[ As-Is (Cutting flash) ] [ To-Be (Cutting flash) ]

[ Product Input ] [ Product Rotation [ Remove Flash ]
[ Flash Removal Manually ] = Blade Down ]

< Final Product >
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Case Study from T-PBL+

O Effective Removal of Flash in Rubber Couplers

v Reduce manufacturing costs by improving quality and reducing

wasted material

v Increase productivity by reducing time to remove flash

v' Solve a problem by deriving a opposite concept

Cost

a00g

e00g

400g

200g -

686g

3b2.6g

As-Is To-Be
Supplied Rubber Weight (g)

Azec

Gsec -

dzec -

2eeC

O=ec

As-Is To-Be
Time to Remove Flash (sec)
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Conclusions

O Our activities for T-PBL+ in our university

1) Education process in university has been tried to change toward PBL
2) However, there was no proper method to lead/guide PBL process

3) PBL based on TRIZ can be a best approach to solve complex real problem

O TRIZ can be a key methodology for PBL in education field,

our efforts will continue to adopt TRIZ into PBL and to make best practices

innovation
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Project Background B

: ir | e ——— g
Bgckgroupd :- FFPL offers an air intake system B | Stud ! Al ltake System
with an eject pre-cleaner to satisfy customers' r s I
nheeds throughout its service life. However, we } plasiccap I coteearing | el
have received a customer complaint regarding i 0 i
the eject pre-cleaner, indicating that the fan L ! e
failed after 1000—-1200 hours of operation. i overbetem i

1 |

Application :- Wheel loader, Excavator, ——_ .} L S —— l
Backhoe loader PRE-CLEANER, CROSS-SECTION VIEW

Working Environment :- Mining, Construction Clean Side Pipe

Field Observations :-

1. Dust observed between bearing. 2. Rust found on a bearing. 3. Rubbing of fan with Housing. 4. Protecting plastic cap was missing.

Rubbing of centrifuge
with bottom housing

Heavy dust deposit found

No locking marks, or fitting
marks avallable on centrifuge
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Objective and Scope B

Objective * Ejective pre cleaner is necessary to provide continuous clean air till the service life
of air intake system.

Scope * Ejective pre-cleaner must demonstrate uninterrupted rotation throughout its
designated operational hours.

Constraints * Pre-cleaner envelope size can not be change.

* Pre-cleaner fan profile can not be change.
* Ejective pre cleaner should rotate without making any noise at rated RPM.

Additional Desired
Outcomes (ADO)

Proposed solutions can be used with all sizes of Ejective pre cleaner.

100 The International TRIZ Conference ITC 2024 e MATRIZ Official




Requirements and Success Criteria MATRIZ Offica

The requirements for a potential solution are:
* Ejective pre cleaner should provide more than XX% of pre-cleaning efficiency at rated RPM.

* Ensuring resilience in diverse operating conditions, the pre-cleaner must withstand vibration and maintain
stability. (Vibration level : X.X g)

* |t must endure various environmental stressors, including corrosion and exposure to UV light, to ensure
longevity and sustained performance.

* Pre cleaner to be tested for following endurance test setup:

Fine Dust + Water | |  Vibration Test | Fine Dust + Water | Fan speed NO | Fine Dust + Water | Sto
Test (XX hrs.) (X.Xg for X hrs.) Test (XX hrs.) drops Test (XX hrs.) P
Yes:
Stop

Project Success Criteria:

* Success : Ejective pre cleaner should pass XXX hours of endurance test (Dust + Fog) without damage (fan
and bearing) and dropping of RPM.
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Project Logic: Analysis and Problem Identification B

Target problems
It is necessary to rotate pre-cleaner fan throughout its designated operational hours.

Component analysis

Function analysis

Cause and Effect Chains Analysis (CECA)
13 key disadvantages

Key problems in Conceptual directions
4 Key problems

9 Conceptual directions

illustrative ideas generated

6 Possible direction solutions
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Component Analysis SRS
CBovertop stud
Engineering System Sleeve
No Supersystem Component Fan »
Components siitice 1 N B Bearing
- - Fin
1 Cover tOp Air Cap Screw asy.
: - Mesh 7 Cover bottom
2 |Boss Dust particle
3 |Plastic Cap Soot
4 |Fan Water CROSS-SECTION VIEW
5 [Sleeve Pipe Asy ( pre cleaner mounting pipe) T,
Cover top '
6 |Ball Bearing Heat ( ‘~d! s
7 |Stud Vibration o o Sleeve
Ball Bearing
8 |Cap screw asy Gravity <
Fan
9 |Cover bottom
Plastic Cap
10 [Mesh Cover bottom
Ll Clamp Mesh
Pipe

= COMPONENTS DETALLS
103 The International TRIZ Conference ITC 2024 e MATRIZ Official




Interaction Matrix WATRIZ OFficial

Cover Boss |Plastic Cap Fan Sleeve |Ball Bearing Greaset 2 Cap screw Stud Cover Mesh | Clamp | Air |Dust particle| Soot | Water | Pipe Asy | Heat |Vibration Gravity
top Bearing) asy bottom
Cover top + - - - - - + - + - - + + + + - + + +
Boss + l- l- + l- I- l- + - - - + + |+ |+ - + 4+ +
Plastic Cap - 5 |+ - I. I- I. B N X X + + |+ |+ I o L, n
Fan . _ I+ . I+ I- l- _ - u n + + |+ |+ - + + +
Sleeve - + I. l. I+ I- I- + - - - + + |+ |+ - + 4 +
Ball Bearing . N I. |+ + I+ I_ + . X X + + |+ |+ N + + +
Grease (Ball Bearing) | - I. l. - I+ I. N , i i + + |+ |+ N + + +
Cap screw asy + - I. l. - I. I_ - + - - + + |+ |+ - + + +
Stud . + I- l- + I+ I- I— - u n + + |+ |+ - + + +
Cover bottom + N I. l. . I. I- I+ N + + + + |+ |+ + + + +
Mesh - - I- l- - I- I- I— N + u + + |+ |+ - + + +
| | | | | | |

Clamp - - - - - - - - - + - + + + + - + + +
Air + + I+ |+ + I+ I+ I+ + + + 4+ + |+ |+ + + 4+ +
Dust particle + + I+ |+ + I+ I+ I+ + + L 4+ + |+ |+ + + + +
Soot + + I+ |+ + I+ I+ I+ + + + + + + ‘ |+ + + + +
Water + + I+ |+ + I+ I+ I+ + + + + + + |+ ‘ + + + +
Pipe Asy - - l- l- - l- I- l- - + R R + + |+ |+ + + +
Heat + + I+ |+ + I+ I+ I+ + + + + + + |+ |+ + + +
\Vibration + + I+ I1- + I+ I+ I+ + + + + + + I+ I+ + + +
Gravity + + I+ |+ + I+ I+ I+ + + + + + + |+ |+ + + +
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D o

L)\

3 |
L“ |Ct Ol |a I a yS|S MATRIZ Official
Function 5 Object of the
3 Action ) 4 Parameter |Category] Rank [Performanc Comments
carrier function : ;
Cover top holds Boss position Useful___|Auxiliary__ |[Normal ‘holds ball bearing position Useful Auxiliary Insufficient axial movement
directs air direction Useful Basic Normal stops ball bearing position Useful Auxiliary Insufficient axial movementat bottom
— — — — 1
stops dust particle position Useful Auxiliary__|Insufficient  [Coarse particle moves ball bearing position Useful Auxiliary Excessive Vibration
directs dust particle direction Useful |Auxiliary  [Excessive Fine particle
= i — < L] R
directs soot direction Useful__ |Auxiliary__|Excessive towards gap between sleeve & fan | Cover bottom [moves Rivet/Cap screw Iposition Useful Auxiliary  |Excessive Vibration
stops water position Useful Auxiliary  |Insufficient large droplet stops clamp position Useful Auxiliary Normal clampingaction
— — N Eil T T
directs water direction Useful Auxiliary  |Insufficient  |mist directs air direction Useful Basic Normal Fin & outlet pipe
1 1 EE— ]
Boss stops sleeve position Useful  |Auxiliary |Insufficient  [axial movement directs dust particle direction Useful Auxiliary _ [Normal Fin & outlet pipe
 moves st position. “Useful [Auxiliary |Excessive |Fitment& Vibration directs___|water direction Useful __|Auxiliary__|Normal Fin & outlet pipe - Mist
<ti < < < i <siti < ili el i i '3 2\ 1 ¥ - 3 I
Plastic cap l;top, dust particle position Useful Auxiliary__|Insufficient _[Inside ball bearing & sleeve asy directs ot direction Useful Auxiliary Normal Fin & outlet pipe
holds Jistusitde Gitioin hntil particle enters from other side of stud asy & rub 1 LG T o : E
s ustp ID | u with bearing lmoves cover bottom position Useful Auxiliary Excessive Vibration
stops water position Useful  |Auxiliary [insufficient  [Inside ball bearing & sleeve asy Mesh stops dust particle Jposition Useful Auxiliary _ |[Normal Large particle
3 sti ositi Us iti suffici directs air direction Useful Basic Normal
Fan Iholds Plastic cap position Useful IAdditional_|Insufficient Ll ! dlpecks u I
moves Plastic cap position Useful IAdditional |Excessive Vibration Clamp pushes Cover bottom direction Useful Auxiliary Normal Cover bottom - pipe
s e —1 — — “E—— 1 e e D I— h— | D— | — | o—
rotates Plastic cap position Useful IAdditional [Normal Rotary motion Air moves Fan position Useful Auxiliary Normal Noise
—_— f— —_— —_— — — \ \ p— —
pushes ball bearing direction Useful IAdditional |Excessive Radialforce moves dust particle position Useful Auxiliary Normal
— — —_— —_— — — \ —_ — — —
rotates ball bearing position Useful___ |Additional_|Normal Rotary motion moves water position Useful Auxiliary Excessive
. » c 2 2. 1 1 ] S—
directs_ Jair___ direction__ Useful _|Basic Normal moves soot position Useful Auxiliary  [Excessive
H < < i i i ili; < ici i i - i i y 1 !
directs dust particle direction Useful IAuxiliary |Insufficient Fine particle : Inside ball bearing & sleeve asy Dust particle stops ball bearing position karsrfull Rotary motion
directs soot direction Useful  |Auxiliary [Insufficient  |Soot: Inside ball bearing & sleeve asy y ] L) " -
— pushes ball bearing position Useful Auxiliary Excessive pushes rubberseal
directs water direction Useful Auxiliary  [Insufficient mist : Inside ball bearing & sleeve asy i i
% 2 < T it N, Soot stops ball bearing position harmfull Rotary motion
directs water direction Useful Auxiliary  [Insufficient  |Water removal efficiency T T
Sleeve stops ball bearing position Useful IAuxiliary |Insufficient  |axial movement —‘pushes_ball bearmg_'posmon_Useful_Auxmary_Excesswe
) — e — — - . 5 S
Ball bearing holds Fan position Useful JAuxiliary  |Insufficient Water ,StOD‘ ball bea rmg_|posmon_ harmfull Rotary motion - Rust
— d d — b - : < - = i
holds Grease position Useful___ |Auxiliary__ |Normal Grease moves out from bearingrecess | Pipe Asy |d|rects air Idlrectlon_Useful_Basm Normal
holds dustpartide  position harmfull Fine particle : Inside ball bearing Idirects dust particle direction Useful Auxiliary Normal
holds soot position harmfull Soot : Inside ball bearing directs soot direction Useful Auxiliary Normal
Iholds water .position lharmfull mist : Inside ball bearing & sleeve asy directs \water direction Useful Auxiliary Normal
moves____ |Fan position Useful ___ |Auxiliary__|Excessive____[Axial motion moves cover bottom direction Useful Auxiliary Excessive Vibration
Grease moves ball bearing position Useful Auxiliary__|Insufficient _ |Rotary motion Heat vexpands fan ’terrperature_ harmfull Exhaust
holds dust particle_‘position harmfull Vibration moves stud position Useful Auxiliary Excessive
< I3 iti 1 1 a1 ]
holds ~ook position harmiul] moves Plastic cap position Useful Auxiliary Excessive
holds water position harmfull L e s .
= = moves sleeve position Useful Auxiliary Excessive
Cap screw holds cover top position Useful Auxiliary __[Normal d ; d — T
moves cover top position Useful |Auxiliary  [insufficient  |Vibration Ve ball bearlng_1posmon_Useful__Auxxhary_ Excessive
holds cover bottom  position Useful Auxiiiary_ Normal moves cap screw asy position Useful Auxiliary Excessive
U e | —, b T — 2 . s J A G R
Stud holds sleeve position Useful Auxiliary__|Insufficient__[axial movement Gravity Imoves dust particle Iposmon Useful Auxiliary Insufficient
moves sleeve position Useful  |Auxiliary  |Excessive Vibration Imoves water IPOSitiO” Useful Auxiliary___|Insufficient
e — 1 d d — e
pushes ball bearing position Useful Auxiliary __ |Excessive Inadequate fitment moves Soot position Useful Auxiliary Insufficient
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Cause Effect Chain Analysis (CECA) B
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Key Disadvantage from CECA chart B

. Excessive gap between stud assembly & fan

. Shape of top cover directs dust particle inside gap

. Shape of top cover directs the soot inside gap

. Shape of top cover directs the water particle inside gap
Excessive deformation of top cover

. Boss fixed inside top cover moves stud excessively (fitment)

Top cover

Air . Air moves dust and water particle excessively

. Insufficient contact area of plastic cap after fitment with fan
. Excessive vibration

Plastic cap

Bearing assembly 10. Inadequate material property of rubber seal
11. Inadequate fitment process of bearing assembly with stud
12. Dust particle pushes rubber seal excessively
13. Inadequate material properties of ball bearing against water resistance
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Key Problem - Grouping B

Key Disadvantage to Solve Key Problem Key Problem (Grouping)
(STwpe of top cover directs dust particle through  How to eliminate Key Disadvantage "Shape of top cover directs \
the gap dust particle through the gap"?
Shape of top cover directs the soot particle How to eliminate Key Disadvantage "Shape of top cover directs
through the gap the soot particle through the gap"? How to eliminate top cover directs dust, soot & water particle

towards the gap?

Shape of top cover directs the water through the How to eliminate Key Disadvantage "Shape of top cover directs

\@p the water through the gap"? )
r N
Excessive gap between stud assy. & fan How to eliminate Key Disadvantage "Excessive gap between  How to eliminate excessive gap between stud assy. & fan?
stud assy. & fan"?

. »
o B
Insufficient holding of plastic cap with fan How to eliminate Key Disadvantage "Insufficient holding of How to eliminate Key Disadvantage "Insufficient contact area of

plastic cap with fan"? plastic cap after fitment with fan"?
b w
6ust particle pushes rubber seal excessively How to eliminate Key Disadvantage "Dust particle pushes \

rubber seal excessively "?

Inadequate material properties of ball bearing How to eliminate Key Disadvantage "Inadequate material How to eliminate contact of bearing assembly against dust and
against water resistance properties of ball bearing against water resistance "? water interaction?

\. J
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[dentified Key Problems and Conceptual Directions -

Key Problem No.1 How to eliminate top cover directs dust, soot & water particle towards the gap?

Recommended Inventive

Contradiction . . Chosen Inventive Principles Solution - Conceptual Direction
Principles
Engineering Contradiction 7 Nesting dolls :- CD 1.1 - Flow barrier : Use of flow barrier to
Make one part pass through a cavity  avoid direct entry of dust and soot through
in the other. Or Place one object the gap

30 Flexible films or membranes
7 Nesting dolls

Dust & soot particle will T e inside another; place each object, in |
- - - - h
direct towards the gap air cleaner 29 Pneumatics or hydraullcs turn, inside the other. j # »

30 Flexible films or membranes: CD 1.2 — Use of additional rubber seal : Use
the inlet flow Isolate the object from the external of rubber seal between gap of sleeve and fan
environment using flexible shells and
thin films.
Physical Contradiction Satisfying Separation in Space 3 - Local quality : CD 1.3 — Top cover with skirt to protect the
Top cover should direct air towards air Demands Change an object's structure from gap : Boss of top cover can be extended to
cleaner. It should not direct the air to The following principles should be  uniform to non-uniform, change an cover the gap.
avoid dust & soot entry towards gap used to Separationin Space : external environment (or external
e 1 - Segmentation influence) from uniform to non-
e 3 - Local quality uniform.

e 7 - "Nested doll"
* 4 - Symmetry change
¢ 17 -Another dimension
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Continued..

MATRIZ Official

Key Problem No.2 How to eliminate excessive gap between stud assy. & fan?

Recommended Inventive

Contradiction . .
Principles

Engineering Contradiction

fan will not rotate due Bearing don‘t get [
to friction damage

~ i
< e
\\ - =

\\\ //

3 Local quality
35 Physical/chemical properties

Fantouches stid & 5 Merging or combining

sleeve assembly

Chosen Inventive Principles

5 Merging or combining :

Solution - Conceptual Direction

CD 2.1 — Replace cylindrical sleeve with L-shape

By combining components or parts, it is to fill the gap : Replace sleeve with shape of

possible to create new solutions and
improve the overall performance of a

system.

3 Local quality :

Change an object's structure from
uniform to non-uniform, change an
external environment (or external
influence) from uniform to non-

uniform.

cavity which is metal part with coating against
frictional force

CD 2.2 — Extra fins on fan : Extra fins with
smaller diameter were added into existing design
to change as external environment
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. A
Continued.. -y

How to eliminate Key Disadvantage "Insufficient contact area of plastic cap after fitment with

Key Problem No.3 fan"o

. Recommended Inventive 5 - . : :
Contradiction Brinciples Chosen Inventive Principles Solution - Conceptual Direction

Engineering Contradiction 2 Taking out : CD 3.1 - Eliminate / take out plastic cap : Fan
Separate an interfering part or property  and plastic cap fitment with threating
from an object, or single out the only provision
Less fitment area will Weight of plastic ] necessary part (or property) of an
be available cap decreases 2 Taking out object.
17 Moving to another dimension
L CUEEE T 17 Moving to another dimension - CD 3.2 — Fan and plastic cap fitment with O-
sy mmEETy To move an object in two- or three- ring provision : Threading/rubber o ring can
We keep small cavity dimensional space. be provided to plastic cap to fit with fan.
on fan for snap fit m
Physical Contradiction Satisfying Contradictory Demands 30 Flexible shells and thin films : CD 3.3 - Flexible cap instead of plastic cap :
Cavity for snap fit should be large to attain max  The following principles should be used  Use of rubber seal between cap and Instead of plastic cap we can put elastic cap around
vibration load. It should be small to keep to satisfy contradictory demands: fan. fan to closing
structure of fan strong 13 — The other way around

24 — Intermediary

28 — Mechanics substitution

30 — Flexible shells and thin films
35 — Parameter changes

36 — Phase transition

37 — Thermal expansion

38 — Strong oxidation

39 — Inert atmosphere
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Continued..

A

MATRIZ Official

Key Problem No. 4 How to eliminate contact of bearing assembly against dust and water interaction?

Contradiction

Physical Contradiction

Fan and Stud should not have gap to block
dust particle, There should be gap to have
relative motion

Recommended Inventive
Principles

Bypassing Contradictory
Demands

The following principles should
be used to bypass contradictory
demands:

6 — Multi-functionality

13 — The other way around

25 — Self-service

Chosen Inventive Principles Solution - Conceptual Direction

13 The other way around : CD 4.1 - Inverted fan assembly : Inverted the
Inverted the bearing & stud asy. use bearing & stud asy. use support of "yoke &
support of "yoke & stud" which fixed stud" which fixed to the outlet pip

to the outlet pipe
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List of Possible direction for solutions & Compatibility -

1 CD 1.1 - Flow barrier

2 CD 1.2 — Use of additional rubber seal 0 0
3 CD 1.3 — Top cover with skirt to protect the gap + 0
4 CD 2.1 — Replace cylindrical sleeve with L-shape to fill the gap 0 o
5 CD 2.2 - Extra fins on fan + 0
6 CD 3.1 — Eliminate / take out plastic cap 0 =+
7 CD 3.2 - Fan and plastic cap fitment with O-ring provision 0 =
8 CD 3.3 —Flexible cap instead of plastic cap 0 o + 0 + 0 0 . 0
9 CD 4.1 - Inverted fan assembly 0 o 0 ©0 0 + + 0O .

Legend: + means that solutions can be combined
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Overview of Generated Solutions(combined solutions) MA

Needs to be combined with| Anticipated
Problem 1 Problem p Problem 3 Problem 4 solution(s) # success level

CD 1.1 A : Flow barrier + L-shape + Fins 1.1 with 2.1 and 2.2 N/A
CD 1.2 A : Rubber Seal + Top cover with skirt Yes Yes Yes Yes 1.2 with 1.3 N/A
CD 1.3 A : Top cover with skirt + Rubber Seal Yes N/A Yes N/A 1.3 with 1.2 reseeeeegeeeeeeeee > Qption 1
[ \
CD 2.1 A: L-shape sleeve + O ring Yes Yes Yes Yes 2.1 with 3.2 ====m Success
R e TS Option 2
CD 2.1 B: L-shape sleeve + O ring + Flow barrier Yes Yes Yes Yes 2.1 with 1.1 and 3.2 ====s* Success
CD 2.2 A : Extra fins on fan + O ring Yes Yes Yes Yes 2.2 with 3.2 ==w=s Success .
A resssssnnnnsnnnnnnsnfe s Optlon 3
CD 3.1 A : Without plastic cap + Inverted fan assembly Yes Yes Yes N/A 3.1with 4.1 N/A
r 1
CD 3.2 A : L-shape sleeve + O ring + Flow barrier + Extra fins on fan Yes Yes Yes Yes 3.2with 1.1and 2.1and 2.2 -..- Success .
.............. Y S Optlon 4
CD 3.2 B : Rubber Seal + Oring Yes Yes Yes Yes 3.2 with 1.2 ========2  Syccess
:llllll.llllllll --’- Option 5
CD 3.1 A: L-shape sleeve + without plastic cap Yes Yes Yes Yes 3.1with2.1 **"% Success
\ . J
S EEEEEEEEEEEEEEEEEEEEEE » Option 6
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TRIZ : Possible direction solutions MATAIZ Officil

Option 1 : L-shape sleeve + O ring Option 2 : L-shape sleeve + O ring + Flow barrier

Modifications Required:

1. L sleeve added

2. Rib added for Flow barrier on fan plastic
3. Rib added for Flow barrier on top cover
4. Plastic Cap modified - fillet changed

5. O ring added

6. Groove for O ring on fan plastic

Modifications Required:
1. Top cover inner profile
2. Groove for O ring on fan plastic

L -Sleeve

Option 3 : Extra fins on fan + O ring Option 4 : L-shape sleeve + O ring + Flow barrier + Extra fins on fan

Modifications Required:

1. L sleeve added Flow
2. Rib added for Flow barrier on fan plastic joli
3. Rib added for Flow barrier on top cover

4. Small fin features added on fan

5. Plastic Cap modified - fillet changed

6. O ring added

7. Groove for O ring on fan plastic

Modifications Required:

1. Plastic Cap modified - fillet changed e
2. Groove for O ring on fan plastic

3. Modification in fan bore area.

4. Metal sleeve modified for adjustment

Fins added

L -Sleeve

O ring O ring

Option 5 : Additional Rubber Seal + O ring Option 6 : L-shape sleeve + without plastic cap
Modifications Required:

1. Plastic Cap modified - fillet changed

2. Metal sleeve modified for adjustment

3. Remove plastic cap from assembly

Modifications Required:

1. Plastic Cap modified - fillet changed

2. Groove for O ring on fan plastic B s
3. Modification in fan bore area.

4. Metal sleeve modified for adjustment

L-Sleeve

Remove the
plastic cap
from assembly
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Final solution after TRIZ method implementation MATRZ Offca

We have applied for a patent for our newly modified design.
Indian Patent Application No. - 202421048016

Option -4

Flow
barrier

Fins added :
L —Sleeve metal (New) O —ring (

L -Sleeve

O ring
Rib added
flow barrier

on fan plastic

‘L‘;
Fan design with flow barrier : &
and fins (modified) ring (modified)

Top cover with additional

.
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Design Validation B

Endurance test

Testing Details : Testing Procedure : Test Setup :
 Rated Flow: 250 CFM 1Xbates S
* Test Flow: 375 CFM (1.5X of rated flow) haed] Cydle
*  Fog feed rate: 35 ml/min -l i
* Test Dust : ISO Fine test dust T m— «—
* Dust concentration: 0.5 g/m3 L Copeee
* Dust feed rate: 5g/min ML e e

DustFeedi N z\t;flzated

T T

Test Results: Cycle Vs Fan Speed
* Fan speed before test : 6106 RPM ¥
* Fan speed before vibration (after 35 hours) : 6099 RPM 2
* Fan speed after vibration (8hrs at 4.5g) : 6108 RPM 1,
* Fan speed after 100hours of cycle after vibration : 6188 RPM 5

* No change observed in RPM due to dust and water test.

ntermittent Flow (Fog + Dust) Cycles in hours
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Thank Yoie 1/
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Problem Definition m/‘\ff.

1. The MOQ of PU laid down by the supplier is higher than the
annual consumption of PU for panel filter application. This results
In—

* EXcessive inventory
* Shelf-life expiry leading to wastage of PU material.

2. The MOQ, can be met by using a common PU. However, based on
past experience and data, the PU used for Opti-air filters cannot
be used for the panel filter applications as we have observed
failure in terms of cracks on PU. So two different grades of PU are
procured.
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Primary Objective B

- To develop a common formulation of PU, which caters to both
Panel & Opti-air filter requirements, meeting desired
performance requirements.

Scope :
- Development of PU formulation till PPAP.

Boundary conditions :
- No changes allowed in existing manufacturing processes & set-up.
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Primary Objective B

- To develop a common formulation of PU, which caters to both
Panel & Opti-air filter requirements, meeting desired
performance requirements.

Scope :
- Development of PU formulation till PPAP.

Boundary conditions :
- No changes allowed in existing manufacturing processes & set-up.
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G Oal N\ATRI/ZA}:ﬁciaI

To develop a common PU in order to —
1. Reduce the PU cost.
2. Reduce the material wastage.
3. Reduce supply lead time.

Project success criteria (%) :

a. Success = 10— 12% Cost saving.
b. Great success = 20 — 25% Cost saving.
c. Home Run = 30— 35% Cost saving.
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Project Logic : Road Map

MATRIZ Official

Target

FFPL Product Specifications

Cost analysis

Resource analysis

Function analysis

Trimming

CECA (Cause and Effect Chains

Analysis)

Key problems in
Conceptual directions

illustrative ideas generated
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Project Road Map R il o A

Development

Functional
Ranking and
_ Analysis (Filter)

Quick check
trials (Panel PU)

"

) ~

Functional RCA - Filter

IMPLEMENTATION Cost Analysis | Ranking and | (Cause & Effect
Analysis (PU) . Chain Analysis)

- N

\

Key problems
Identification

RCA - PU (Cause
& Effect Chain
Analysis)

Samples making New Recipe PU

And DVP Testing

<

Formulation
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Proposed Steps / Approach B

: Stage 1 Stage 2 Stage 3
Project Structure i : o e
and Schedule Analysis and Problem Problem Solving and Idea Preliminary Substantiation
Identification Generation
Recommended I I | I
ggjelne for each | Completed ! Completed I Completed I
* To understand the problem and perform » To generate the base data and » To evaluate the functional performance of
Goals basic analysis of the components and identify the key disadvantages. the designed PU formulations.

establish their interaction with each other. Based on design PU formulations.

» Perform comprehensive TRIZ analysis in  * Quick trials to generate base data.
order to identify key problems that have

 Alpha stage samples production using

to be solved in order to achieve the ) g%rglgﬁh(%r;ggﬁc?;;z”l?rr;?lésguof production lines.
project objectives. RCA.  Estimate investments and potential cost
Activities * Develop and prioritize conceptual » Experimentation & trials for new savings
directions to solve these problems. formulation. - Develop recommendations for the
* Develop preliminary solutions to illustrate implementation steps at industrial scale

e « Manual samples making. o _
conceptual directions. » Preliminary evaluate IP potential.

- Key disadvantages of existing PU “Reasons to believe” that proposed

filters and PU formulation. solutions are feasible (DVP&R testing &
DVP&R testing & results analysis. results analysis).

Experimentation results & analysis. « |P potential evaluation results.

Finalization of R&D PU formulation. « Recommendations for the implementation
steps.

» ROI calculations.
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« Component Analysis.
* Interaction matrix and functional ranking. .

Deliverables




Engineering system - Opti-air Air Filter
Target - Contaminant

A

Testing.

S

127

VTS Failure RCA.graphml

S te p S Engineering System Components Supersystem Components MATRIZ Official
- Panel Filter PU - Bottom Air cleaner Bottom Cover
, Panel Filter PU - Top Air cleaner Top Cover
Pleated Media Block Heat
Opti_air F”ter l Panel Filter|Panel Filter Pleated ln-n‘et ; Outer Air Cleaner | Air Cleaner a Heat Moist Gravi Dirty Air | Contaminati a Ai
PUTop |PU Bottom | media block | Wrapper Wrapper | Bottom cover | Top cover - i S Rty | DNty Nr | contammation Cwen Al
Panel Filter PU Top + + + + + - + + + 3
Panel Filter PU Bottom + + + + + + + + + +
Pleated media block + + + + + + +
Inner Wrapper + + + -
Outer Wrapper + + + + -
Air Cleaner Bottom i A i %
Airclea:::i' = " Functional Carrier ion Object of the Function Parameter |Category erformance
mm:p : Panel Filter PU Top Holds Pleated media block Position Useful | Auxilla Normal
= Holds Inner Wrapper Position Useful | Auxilla Normal
| Heat 0 J
: I nte ra Ctl on Moisture + Push Inner Wrapper Foce Useful | Auxillary Normal
| MatriX Gravity + Holds Outer Wrapper Position Useful | Auxillary Normal
Dihy * Push Outer Wrapper Foce Useful | Auxillary Normal
C°'::’"'"Z’I"°" : Push Air Cleaner Top cover Force Useful |Additionalilbrmal / insufficient
ean Air
Function
analys is & Stops Air Cleaner Top cover Position Useful |Additional rmal / Excessive
Ranking
[ Resists Air Cleane over Force Useful [Additional rmal / Excessive
‘ (Frictional)
i \ i Function g Heat
’ N.A Moisture
| ¥ Performance NA Gravily
) D S Dirty Air Flow Useful [A al Normal
Initial Opti-Air with R B \
Panel PU \

|
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Initial Experimentation on Filters MA

- Cylindrical Air Primary and Safety filters of large size, medium
size and small size were produced manually using regular Panel
PU 1n order to generate base data.

- Filters produced were subjected to various structural &
functional performance tests and results were analyzed.
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Test Results MA

T N T

Sealing Test. Passed. Passed.
02. Clamp Force Measurement. Passed. Passed.
03. Thermal Cycle Test. Passed. Passed.
04. Blind Entry Fitment Test. Passed. Passed.
05. DustBy-pass Test/ Leakage Test. Passed. Passed.
Failed. Failed.

06. Vibration Test. (A/C top cover & Filter PU Top (A/C top cover & Filter PU Top

observed worn out) observed worn out)
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Vibration Failure RCA Analysis B

- During vibration testing, following observations were noted.
 Filters are rotating in the air cleaner while testing resulting in heat
generation due to friction between two components.
 This heat 1s causing the wear and tear of both the components in contact
with each other.

Disadvantages identified based on Functional ranking and RCA Analysis —
« Top cap of air cleaner stops / holds the PU top cap insufficiently (rotational
movement). []
 PU top cap material is too hard. . —

| I
Wear and tear of PU top cap observed Air Cleaner plastic top cover lobby
after vibration test material became too soft.
{ —
@ [ AIC top cover became too hot. ]

! A A A
[ Friction between A/C top cover } e l
and PU top cap is too high. U top cap subjected to
Q [ thermal cycle test. ] RIIERE ]

[ Customer test specification. ]

Initially plastic top cover ribs are
too hard than PU top cap.
= A A
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Further steps — PU Analysis (Chemical WATAIZ OFfica

Engineering System Components Supersystem Components
Base resin Moisture
Extender (Cross linker) Heat
Catalyst Gravi
PU (Resin + Resin oo Y . !
owing agen
Hardener) 98
Surfactant
Base Resin | Extender | Catalyst| Blowing agent | Surfactant | Pigment | Isocynate | Humidity | Temperature | Gravity
Har Base Resin + + + 4 4 + +
Extender + + + + + + + + +
) Catalyst + + + + + + + + +
| Blowing agent + + + + + + + + +
\ = ‘ Surfactant + + + + + + + + +
|
: Interaction @ . e & lael Tk | e |
‘ i Isocynate + + + + + + + +
| Matrix -
Humidity + + t + + + + +
Temperature + + + o
— Functional Carrier Object of the Function Parameter Category d Performance
— i x Hold Extender Volume Useful Auxilarig Normal

\ - Hold Catalyst Volume Useful Ausilary Normal
\ = Hold Blowing agent Volume Useful Auxilary Normal
h | FunCtlon Hold Surfactant Volume Useful Ausilary Normal

Hold Pigment Volume Useful Auxilary Normal
Hold Isocynate Volume Useful Auxilary Normal
Isocynate Phase change (Solidfies) Useful Basic Normal

| analysis & Bese Resi
Ranking

Hold Heat Temperatura

Useful e Normal
Moisture : g

Base resin Cross link density

Cataly;

Useful i Excassively

PU Document \ | Function el
’ : Soi ; \ igment
Join Isocynate Phase change (Solidfies) Useful Basic Normal
Perform ance \ Hold Heat Temperature Useful Auxilary Normal
Hold Moisture Humidity Harmful

[ ]

PU RCA 24-Feh-23 graphml

|
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PU RCA Analysis B

Disadvantages identified from Functional ranking and RCA analysis —
* (Quantity of extender 1s too high.
 Molecular weight of extender 1s too low.
* Molecular weight of polyol 1s too low.

Physical parameters involved in defining PU characteristics —
*  Quantity of extender.
* Molecular weight of extender.
* Molecular weight of polyol.
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Quick Dirty Experiments "

» During experimenting with the development of PU recipe, we

produced about 10—15 variants in order to achieve the desired

physical properties of PU.

Couple of recipes happened to be close to the existing PU

(Opti-Air PU) used for cylindrical filters.

Thus, we decided to work in parallel on development of Opti-

Air PU as well as common PU.

The recipe consists of same raw material ingredients, except

for some changes in the chemical formulation.

We have further opportunity for cost reduction with the Opti-
Air PU.

v V YV V¥V
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R&D PU Formulations MA

FFPL R&D FFPL R&D FFPL R&D Opti-
Sr Panel PU Panel PU air PU
No. Properties Specification Benchmark Formulal Formula 1 with Formula 2 with
' with Density Density 300 Density 300
350 kg/m° kg/m° kg/m?®
Reaction characteristic @ 25°C, mixing RPM = 3500 - 4000
1 Mixing ratio N.A. 100(R) : 50(H) 100(R) : 41(H) 100(R) : 43(H) 100(R) : 43(H)
2 Cream time (Seconds) 25+ 5 26 25 24 24
3 Gel time (Seconds) 50 £ 10 48 41 42 43
4  Rise time (Seconds) Max. 80 76 80 79 74
5 lackfree time Max. 120 96 118 118 119
(Seconds)
6 Demold time (Minutes) 5.0 5.0 5.0 5.0 5.0

- The above table indicates no major change, in processing time.
- PU slabs were produced and tested for basic physical parameters which passed all the
basic requirements.
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Remarks M/A\

Test results indicate -

» R&D Panel PU (PA-1) could successfully be implemented for all variants of
filters, 1.e., panel filters as well as cylindrical filters. This meets our goal of
developing a common PU for all variants.

» Filters with both R&D developed PU grades successfully passed the
respective test requirements.

» Both R&D developed PU grades (Panel PU as well as Opti-Air PU) can be
used for filters manufacturing on respective production lines without any
major process parameter changes.

» The sheli-life issue due to excessive MOQ by supplier 1s resolved.

» All the three variants have different cost saving percentiles.
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Thank you. ..
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Background

In 1889
Edwin Ruud

(First household storage gas water heater)
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Tap water contains a large number of metal cations (eg, Ca’*, Mg?*, etc.) and anion groups (eg,

CO,%*, S04%, etc.). During the working process, electric horizontal storage water heater will
heat the tap water in its inner cylinder. Metal cations will combine with anion groups, and
crystallize CaCO;, MgCO,, CaSO, solid particles on the surface of the heat elements. These
small solid particles will adhere to the surface of the heat elements and form scale.

Dangers of scale:

d.

Solubility Products for Calcite and Magnesite(* 10%)

[}

=
=]
1

=
=
1

=)
=}
1

After the scale is attached to the surface of the heat elements, the heat exchange efficiency between

the heat elements and the water will be reduced, which not only increases the power consumption, but

also greatly increases the time required for heating;

Thick scale will seriously hinder the heat exchange between the heat elements and the water, causing
local overheating of the metal tube wall of the heat elements, causing damage to the tube wall, causing

electric leakage, and endangering the lives of users.

¢ Calcite (CaCO,)
—a— Magnesite (MgCO,)
#— Calcium sulphate (CaSO,)

.-‘_‘h‘_'l-—;— -8

Solubility product for calcium sulphate (*10%)
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Background

< Scale (CaCO;, MgCO,, Caso,,...)

>

N stops
generates

generates
< Ca%*, Mg* > CO,>, SO, ..
/]\ ontains contains /l\contalns
[ H,0
/I\inducts ]\unducts
Outlet pipe Inlet pipe
Tholds contains Tholds

Thermal field

7
/

, heats
heats

gendyates

retains

Heat elements

N

holds

Tank

 Fig. 4. Function Model of electric storage water heater
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Background

Summary of existing solutions

P in the tank, Ca2+/Mg2+ come into : CaC0s/MgCOs/Mg (0H) in contact with Scale particles have a long contact Scale particles adhesion on heat
Ca2+/Mg2+ in inlet contact with C0s>/HCO®/0H High tenperature heat elements hoat elements tine with heat elements elements

L

Changing the surface properties of

Avoid contact between scale Reduce the contact time between Remove scale from the surface of
particles and heat elements scale particles and heat elements heat elements

Avoid contact between scale-forming
Pre-removal of Ca2+/Mg2+ from water ( ons ) the Heat slomente
Scale—free technologies Anti-scaling technologies
: Avoid contact between Reduce the contact time
Avoid contact between N N - N
scale—forming fons scale particles and heat between scale particles Chemical descaling the scale attached to
elements and heat elements
Sol4 Sol 16 Sol 14 Sol & Sol 1
' [t
[ " ’ i‘&-—
e e e
freriod v on P B ey PN oo e S
r I Descaling with tUse m.echnnialll di:iz::d
Pre- 1 of Ca2+/Mg2t S0l 19 S0l 10 ultrasound © remove sca'e attal
removal o to heat elements
Sol 22
P s
for steam generation e
Sol 34 Sol 44
Avoiding scale Changing the surface Active adsorption of
formation by lowering properties of the Heat scale particles using &
the temperature elements "sacrificial” anode
I I I 1 4 2 I Atube filed with “pebbles’
Sol 17 Sol 7 Sol 6
if v - ] =
g ) ——
S : =4
=100 . =
Heating the tube wall below the | tscalie L “Sacrificial” anode
allngpont of water |
Others

Sol 48 Sal 48

Shower

 the bottom of the food chamber enerator

Holey metalcore inside the
induction coll

oven boxand hot plate

* Fig. 5. Summary of existing solutions
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Prototype: CN2187278Y &
CN103575359A

10. Inlet pipe

2. U-Shaped heat element

1. Tank

\

3. Elastic ring \
\ o

4. Pull bar

5. Draw back plate

11. Ouutlet pipe

\

I
=

A

8. Oil (Gas) cylinder

6. Sealing device 9. Piston

7. Piston rod

P
7]

=l

............................. 1 3T
— 1 il [t Oet—m—F]— B

I il 10 I
————1 [ Il Mt

I i I——10 M

! /
I N\
I

 CN2187278Y
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Functional Analysis

A

MATRIZ Official

Piston
moves
v moves moves
Piston rod ——> Draw back plate > Pull bar
N
moves holds
VR
Elasticrings [«
removes
\\4
[ Scale (CaCO;, MgCO,, CaSO,,...... ) J(
N N\ N
Ca?*, Mg* <CO32', SO,%, ... >
N retains
generates Qtes
] / inducts
inducts contains contains contains
inducts heats
Sealing device >< H,O >b U-Shaped heat elements >
/ N N N A
inducts inducts
{ Outlet pipe ) Inlet pipe )
N
holds holds contains holds holds

¢ >

* Fig. 7. Function Model of CN2187278Y
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A

Summary of Trimming Rules WATRIZ Officia
 Rule A: Function Carrier can be trimmed if the Object of " ions [T
the Function does not exist (the most radical trimming) ’ [

* Rule B: Function Carrier can be trimmed if the Object of —~——F4
the Function performs the function itself >< T i

* Rule C: Function Carrier can be trimmed if the Another
Component of the Engineering System or Supersystem >< B

performs the useful function of the Function Carrier d \/
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Piston

[ o]

moves

moves moves
Piston rod Draw back plate Pull bar

removes

[ Scale (CaCO;, MgCO,, CaSO,,...... ) )

)

generates generates
{ ca® Mg* ) <CO§'. SO2, ... > <Thermalfield
7 retains
7 genelgtes
y )
. heat: inducts
inglicts contains contains contains /’ eats
heats
H,O >¢ U-Shaped heat elements
inducts inducts
{ Outlet pipe ) < Inlet pipe )
holds holds contains holds holds
< Tank
mye;
Pyibar
7
holds
|<
removes
[ Scale (CaCO;, MgCO;, CaSQ,,......
generates
{ cax, Mg ) <co;-. d
retains
genehates
i ; f 7 ,heats inducts
contains contains contains ,
heats
< H,O >‘ U-Shaped heat elements
inducts inducts
{ Outlet pipe ) < Inlet pipe )
holds holds contains holds holds
Tank
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moves moves
Draw back plate Pull bar

moves holds
o |
Elastic rings
/ removes
\ [ Scale (CaCO3;, MgCOs, CaSO,,...... ) }
generates generates
{ Caz, Mg* ) <CO3?', SO,2, > <Therma|fie|d
7 retains
/ genehates
7 .
: ) ) 4 “heats inducts
contains contains contains ,
heats
< H,O y‘ U-Shaped heat elements >
inducts inducts
{ Outlet pipe ) < Inlet pipe )
holds holds contains holds holds
Tank

Pull bar

moves

holds

Elastic rings I:

|

removes

[ Scale (CaCO;, Mg

CO,, CaSO,,......) }:
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{ ca*, Mgz >

contains

contains contains

<0032', SO2%, ... > <Therma| field

7
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7
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inducts
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imming

moves

Elasticrings [«

removes

A4

[ Scale (CaCO;, MgCO,, CaSO,,

retains

inducts

U-Shaped heat elements

)

) A
generates generates
< Ca?*, Mg% > SO, ...... > <Therma| field
N\ 4
/ genekates
/
) ) ) / heats
contains contains contains
/7
heats
H,0 ¥
N\ N\
inducts inducts
< Outlet pipe > < Inlet pipe >
N\
holds contains holds

N

holds

Tank
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Trimming roadmap

Sealing device inducts Piston rod v/

Sealing device inducts Water X

inducts Piston rod

C

TRIMMING
Piston rod
TRIMMING
Sealing device Rule A
Sealing device can be
Rule A trimmed, if Piston rod is
removed
A
Rule B
Stealing device can be
Rule B % trimmed, if Piston rod inducts
itself
B
How to make Piston rod
inducts itself ? Rule C
Stealing device can be
Rule C | —> trimmed, if another component

%

How to make another component (eg. the heat
elements) to induct Piston rod ?

A

MATRIZ Official

TRIMMING
Elastic rings
Elastic rings can be
TRIMMING
Pull bar Rule B trimmed, if Scale
TRIMMING Pull bar can be removes itself
Draw back plate Rule A trimmed, if Elastic % A-A-A-A-B
Draw back blate can be rings is removed How to make Scale remove itself ?
Rule A trimmed, if Pull bar is A-A-A-A
Piston rod can be removed Elastic rings can be
trimmed, if Draw back % A-A-A Rule C trimmed, if another
plate is removed component remove Scale
Pull bar can be trimmed, if A_A_A
A-A Rule B Elastic rings moves itself A-A-A-A-C
How to make another component
Rule B Draw back plate canbe A-A-A-B (eg. the heat elements) to remove
Piston rod can be trimmed trimmed, if Pull bar moves itself How to make Elastic ring the Scale ?
. ' “A- moves itself ?
if Draw back plate moves A-A-B ves|
itself rl_r|1(cj)v\\/le;[so igzlkfe?Pull bar Pull bar can be trimmed, if
A-B <o ' Rule C another component moves
How to make Draw back Draw back plate can be Elastic rings
plate moves itself ? Rule C trimmed, if another component A-A-A-C

Piston rod can be trimmed, if

another component moves

moves Pull bar

A-A-C

How to make another component (eg. the heat

elements) to move Elastic rings ?

Draw back plate
A-C

How to make another component (eg. the heat
elements) to move Draw back plate ?

How to make another component (eg. the heat
elements) to move Pull bar ?
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4. Problem Solving

5. Conclusions
6. Q&A
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Trimming Problem List

1. How to make Piston rod inducts itself ?

2.

3. How to make Draw back plate moves itself ?
4,

5. How to make Pull bar moves itself ?

6.

7. How to make Elastic ring moves itself ?

8.

9. How to make Scale remove itself ?

10.

1. U-Shaped heat element

\ \

2. Shape memory alloy ring

7. How to make Elastic ring moves itself ?

How to make another component (eg. the heat elements) to induct Piston rod ?

How to make another component (eg. The heat elements) to move Draw back plate ?

How to make another component (eg. the heat elements) to move Pull bar ?

How to make another component (eg. the heat elements) to move Elastic rings ?

How to make another component (eg. the heat elements) to remove the Scale ?
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2. U-Shaped heat element

3. Elastic ring

A
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4. Pull bar 5. Draw bacx plate (piiiewane Suip)

-

« 3. How to make Draw back plate moves itself ?

1. Elastic ring

\

2. Pull bar

i

3. Shape memory alloy spring

5. How to make Pull bar moves itself ?
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5. Conclusions
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My patent: CN204934141U
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3. Shape memory alloy spring
1. Tank 2. U-Shaped heat element \

L
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Thank you for your attention!

Haijun Li ( Allan )

E-mail:
Tel: +86 13621311579
Skype: li.haijun.allan
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 Globalization

How do Global companies work?
A simplified model of Global Companies.
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1. RnD & Design:

- Global company specializes in creating innovative products that are
designed to delight and inspire people around the world.

—~Their design teams work on the functionality, design, and ergonomics of
the products to meet customer expectations.

Own R&D
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2. Production:

. _has an integrated business model that includes the production of its own
products.

 They work with suppliers around the world to ensure the quality and availability of their products.

Suppliers network
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3. Distribution and Logistics:

* Global company has a presence in - countries, with -stores worldwide.
 They focus on effective distribution to make products available to customers in different regions.

Reliable distribution system
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4. Complaints and Servicing:

. _ focuses on the quality of customer service.

* |n case of complaints or problems with the product, they offer support and solutions to satisfy the
customers.

Cost pay supplier
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Year Country Supplier

2012 China A Product: Attic Stairs

2013 | Denmark
2014 | Denmark
2015 China
2016 China
2017 China
2018 China

2019 | Denmark
2020 | Denmark
2021 Poland
2022 Poland

QI (MO ||

Various suppliers from different countries provided the identical product to the US market across different years.
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"Common look and feel" in designing everyday things means making them look and work
similarly. This helps people use them easily and recognize the brand. Here are the main

ideas:

. Brand Image: The design should match what the company stands for.

. User Feelings: Good desigh makes people feel happy about using the product.

Easy to Use: The design should help the product work well, not just look nice.

. Sameness: When all products from one brand look alike, it helps people remember the
brand better.

These ideas help make products that people enjoy using and can easily spot as belonging to
a certain brand.
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Issue

* |n 2020, the Polish company FAKRO won a

. . Other
contract for the production and delivery of 0o

attic stairs for one of the large chains on

the American market.

* The initial euphoria of winning the

contract and outcompeting the global

leader in the American market quickly

turned into a nightmare. Global producers of Attic Stairs
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Production and sales according to the
customer's design were not a problem.

Operating profit also looked great at the

beginning. Problems arose when user

complaints from the market began to flood

in rapidly.
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The costs of repairs and handling complaints
practically ate up the entire profit. The key
here was to understand the causes of the

problem and remove them quickly.
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For TRIZ consulting projects, ideal clients are distinguished by three key characteristics: they
have a complex problem to solve, they value time as a crucial resource, and they are ready
for profound changes. My experience shows that such clients not only achieve spectacular

results but also become leaders in their industries, inspiring others to take action. This was

exactly the case with FAKRO.

# FAKRO
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mwood

T

Deformation of the hook mounting

T

Increased force arm

I

Not resistant construction

Internal test shows that this solution is OK
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mwood
T

Deformation of the hook mounting

T T

Increased force arm Not resistant construction

|

Increased hook lenght

Internal test shows that this solution is OK

A

Modification by user

T [~

Difficulties in
reaching the
hook

Lack of Desire of own Absent No solution that
knowledge about| [life hack information that prevent user to
consequences any modification make it

is prohibited
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13. The other way round
33- Ease of {}perati{jn v * |nvert the action(s) used to solve the problem (e.g. instead o
cooling an object, heat it
 Make movable parts (or the external environment) fixed, anc
fixed parts movable
10: Force (Intensity) v * Turn the object (or process) 'upside down

A

28. Mechanics substitution

* Replace a mechanical means with a sensory (optical, acoustic,
taste or smell)means.

* Use electric, magnetic and electromagnetic fields to interact
with the object

 Change from static to movable fields, from unstructured
fields to those with structure

e Use fields in conjunction with field-activated (e.g.
ferromagnetic) particles

35 Parameter changes

 Change an object's physical state (e.g. to a gas, liquid, or
solid.). Change the concentration or consistency.

 Change the degree of flexibility

 Change the temperature.

181



A

MATRIZ Official

28. Mechanics substitution

Manual operation will be changed to

electrical drive operation. Operator should only push the button.
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13. The other way round

& FAKRO

'FAKRO

External docking hook will be changed to internal one.
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35 Parameter changes

Changes from push — pull solution to rotate solution.
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Response

Due to the 'Common look and feel' policy, all proposals for changes in the present attic

stairs design were refused.

So, the new challenge was reformulated in this way: we need to change the design to

avoid customer complaints, and we cannot change the design in order to keep the same

product appearance.
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Physical contradiction

Can a Physical Contradiction be YES | inventive principles: 1,2,3.7,4,17
resolved by separation in space? NO If not, justify and go to point 2:
(where?)

Can a Physical Contradiction be YES | inventive principles: 9,10,11,15, 34
resolved by separation in time? NO If not, justify and go to point 3:
(When?)

Can Physical Contradiction be resolved | YES | inventive principles: 3,17,19, 31,32, 40
by separation in relation? (for whom?) | NO If not, justify and go to point 4:

Can Physical Contradiction be resolved | YES | inventive principles: 1,5,13, 33
by-separationat-thesystermictevei? NO trotjostifyandgotopoimtS:

Can a Physical Contradiction be YES | inventive principles: 4, 40, 35,14,17, 32
resolved by separating in a direction? | NO If not, justify and go to point 6:

(in which direction?)

Can a Physical Contradiction be YES | inventive principles: | 13, 28, 35, 36, 37, 38, 39
resolved by satisfying contradictory NO If not, justify and go to point 7:
requirements?

Can a Physical Contradiction be YES | inventive principles: 25,6,13
resolved by bypassing the NO

contradictory requirements?

The wording of the Physical Contradiction needs

to be changed.
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17. Transition to another dimension

Move the object in two- or three-dimensional space.

Use a multistory arrangement for the objects instead of a single-story arrangement.
Tilt or re-orient the object, put it on its side.

Use a different side of the given area.

14. Spheroidality — Curvature
Instead of using rectilinear parts, surfaces, or forms, use curvilinear ones; change from flat surfaces to spherical ones; from
cube-shaped (parallelepiped) parts to ball-shaped structures.

Use rollers, balls, spirals, domes. S
Go from linear to rotary motion; use centrifugal forces.

35. Parameter changes

Change the object’s physical state (e.g. to a gas, liquid, or solid).

hange the concentration or consistency. % f

C
Change the degree of flexibility.
Change the temperature.
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Physical contradiction

4. Asymmetry

Change the shape of the object from symmetrical to asymmetrical.
If the object is asymmetrical, increase its degree of asymmetry.

13. The other way around

Invert the action(s) taken to solve the problem (e.g. instead of
cooling the object, heat it).

Make movable parts (or the external environment) stationary,
and stationary parts movable.
Turn the object (or process) “upside down”.
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A given Su-field model cannot be adequately performed. Modify existing substance S2 into S2' to give the Su-field model
Design changes are not allowed. the desired properties.
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-—handed thread --handed thread

Extended version is available on the market. No easy to get on the market.
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* The final solution involved modifying the internal mechanism of the stairs without altering its
external appearance. Specifically, the team changed the thread direction on the hook mechanism:

¢ Qriginal right-handed thread was changed to left-handed thread

* This clever modification prevented users from easily extending the hook length, thus addressing the
root cause of the failures without changing the product's outward appearance.
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Key Take aWa.yS MATRIZ Official

TRIZ provides powerful tools for solving complex technical contradictions, especially when
conventional solutions are constrained.

Understanding the root cause of problems is crucial. In this case, user behavior (modifying the
hook) was the primary issue, not the original design.

Creative solutions can often be found by looking at the problem from different perspectives and
applying systematic innovation techniques.
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Key Take aWa.yS MATRIZ Official

Constraints (like the "Common look and feel" policy) can drive more innovative solutions by
forcing teams to think beyond obvious changes.

The importance of considering user behavior and potential misuse in product design and
Improvement processes.

Global companies must balance standardization with local market needs and user behaviors,
which can vary significantly across regions.
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Key Take aWa.yS MATRIZ Official

7. Effective problem-solving in manufacturing often requires a multidisciplinary approach,
combining engineering, user experience, and business considerations.

* This case study illustrates how TRIZ methodology can be applied to solve real-world engineering
problems, even under strict constraints. It highlights the power of systematic innovation in
overcoming seemingly impossible contradictions and finding elegant solutions that satisfy all
stakeholders.

* Some of the proposals for resolving this specific problem were used as new product offerings by
FAKRO in the market.
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Thank you

SCAN ME
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Context

Industry
he Pharmaceutical Industry is a cornerstone of

modern global healthcare, saving lives through
the discovery, development, and manufacturing
of life-saving medications.

Production
Pharmaceutical Production is the most critical

aspect of the industry requiring a sterile and
aseptic environment throughout in order to

prevent contamination.
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Existing Pipeline
Video
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https://www.youtube.com/watch?v=GSusQbI-6Fk
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D

System Working

LLime up the Alpha and Beta ports Rotate the Beta part 60° to ensure  The red circle denotes where the
tighten seal and open the door, misalignment jeopardizes sterility
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P

Problem

The problem is simple:
HUMAN GREED

© Aditya Nangia & Saksham Bhupal & Anuj Grover 200 The International TRIZ Conference ITC 2024 e MATRIZ Official



A

MATRIZ Official

D

Component Diagram

Wall
Container
Cell
flange
J3L | seal

Cell

door Cell groove
Container
door
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ldeal Final Solution

Main Function of Engineering System
Block Atmosphere to maintain an Aseptic and Sterile Environment

ldeal Final Solution

« Zero Contamination Risk: Maintaining a sterile and aseptic environment is
paramount.

« Cheap Containers (Beta Ports): Cheaper Beta Ports will encourage manufacturers
to use original containers instead of low-quality cheap alternatives.

* No Cell (Alpha Port) Changes: To minimize production line disruption, the new
design should require no modifications to existing alpha ports.
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Industry Leader Industry Follower

Function Oriented Search

Gasket

Gasket

Pharma production is itself an industry leader due to the high cost of failure

;h\lﬁl\lnA
rmrwv

\YAWAERYA wd W
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Proposed Solution

Physical Contradiction:
The container-sealing gasket must be

 large when a large beta port is connected to it, and
« small when a small beta port is connected to it.

These contradictory demands can be satisfied
through a Separation in Time.

The Other Way Around:
» Everyone places the gasket on the Container Flange.
 We propose to invert and place the gasket on the
Cell Flange, such that it is already alighed with the

Cell Seal.
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LEGEND

System
Components

< Target >

uperSyste
Components

- = Insufficient 4

—Sufficient—p

Function Analysis

SUPER SYSTEM

SYSTEM

L.LOCKS INTO [

Container
Flange

RELEASES

Cell Flange }

RELEASES

Y

L.OCKS INTO [

Y
Gntainer D@<
|

HOLDS

@ntainer S@ - =|- STOPS - p( Contaminants )<«—-STOPS—

Cell Door ]

HOLDS

Y

4{ Cell Seal ]

I I I r) MATRIZ Ofﬂual
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P

Updated Functional Analysis

SUPER SYSTEM SYSTEM
{ LOCKS INTO ]
éntainer D@ Cell Seal <«—HOLDS—— Cell Door
A \ , \ ‘ ,
STOPS—J
, RELEASES
Contaminants
STOPS——
Cgiltainer\ COMPRESSES » Container Seal |<«—HOLDS—— Cell Flange
ange /
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Positive Impact

Our solution prioritizes patient safety by eliminating contamination risks during
pharmaceutical production. This safeguards product quality and builds trust and
strengthens the company's reputation for delivering reliable medication.

Our solution also enhances the overall efficiency of the pharma production
flow.
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Business Challenge of Retail Channels... WATRIZ Offica

* Unigo Fashion ware is in the business of selling Men's footwear products thru
Digital marketing channels.

* ‘Digital marketing’ as an innovation is in stage Il of TESE and will be providing big
growth opportunity to retail industry in coming years.

* Key issues associated with Digital marketing are...Consumers ‘commoditise’ the
products by comparing with other products. , thus driving the prices down. Lower
margins and high competition does not generate break even volumes for
sustaining and growing of the business. In addition to this problem, the current
established social media platforms charge very high premium for displaying the
products/services.

* Unigo finds it difficult to survive and grow profitably.
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Business Challenge of Retail Channels... WATRZ Officia

* Goal...To grow profitably by synergizing TOC [theory of Constraint] and TRIZ
management tools.

* Approach...Develop synergy by using TOC and TRIZ tools of problem identification
and problem solving. [1+1=11]. This approach aims at sustaining and raising the
price levels and penetrating the current market.

* Mini Goal- To make the current product/service immune to ‘commoditization’
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Two Genius of our Centu ry.... MATRIZ Official

Dr Eli Goldratt ,Inventor TOC
[Theory of constraint] Dr Althshuller ,Inventor TRIZ
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Synergy...[1+1=11]

* |dentify systemic leverage points using TOC tool necessary thinking/CRT.
* Provide TOC standard solutions to make system optimum/productive.

* Improve current products using benchmarking by using TRIZ tools.

* Design new offer using TOC ‘sufficiency thinking ‘ for the equation V=F/C
e Use TRIZ tools in developing the new offer.

 Measure impact on sales and profits and learning notes.
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ldentify systemic leverage points using TOC tool necessary thinking/CRT.

 Unigo footwear operates with supersystem components as consumers,
environment, Government and subsystem of its vendors.

* TOC tool CRT identifies three generic leverage points.. Finish good store ,New
Product Development delivery SOP and Sales offer. They control the throughput
[margins], fixed costs and investment like inventory.

* Necessary thinking Logic...

For A to happen ,B must be present.
I Example...To pass an exam, we must attend it
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Provide TOC standard solutions to make system optimum/productive. Wéﬁm]

TOC standard solutions..
DBR [Dynamic buffer management]

CCPM [NPD delivery system]
MTS [made to stock as sales offer]

The above solutions brought ‘flow’ in the system and ‘improved cost structure’
but it did not stop commoditization.
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Design new offer using TOC ‘sufficiency thinking * for the equation V=F/C
e Sufficiency Thinking...

A
/T\
AND
B C D E F

FOR ATO BE PRESENT, B AND CAND D AND E AND F.. MUST BE PRESENT.
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Design new offer using TOC ‘sufficiency thinking * for the equation V=F/C

New
value
offer
Benchmark First to be No loss Guarantee No efforts in Match
product available of sales It will work acquiring it My personality
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Design new offer using TOC ‘sufficiency thinking  for the equation V=F/C A
Benchmark Product MATRIZ Official

* Final Product...At higher Price

Midsole Upper
or enhanced foot support , feature ‘wedge action’
s selected from material handling industry. The upper .«— ”
s modified to provide 7 degree of wedge action.

Wedge Action

~or cushioning and long life ,feature ‘automobile scrap tyre’ To Hold The Foot
s selected and outsole is made from that material.

Buckles

Outsole

Material

Material - Highly Compressible
Mat Black Stainless-Steel Buckle

automobile tyre sheet
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Design new offer using TOC ‘sufficiency thinking ‘ for the equation V=F/C WATRIZ Officia
First to be available and No loss of sales
First to Be available...USED TOC Tool CCPM |[critical chain management]

Conflict resolved is ..if we want to meet original commitments then we must do
everything to meet the endangered original ‘D’ date

BUT
We may have to jeopardize the scope of the project.
No loss of sales...USED TOC tool Dynamic Buffer Management.

Conflict resolved is.. If we want to avoid delivery failures, then we must constantly fight
to reduce waste

BUT
We may have to compromise flow disruptions.

Both above tools can be further sharpened by using TRIZ tools like trimming, feature transfer for on
ongoing improvements.
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Design new offer using TOC ‘sufficiency thinking * for the equation V=F/C A
Guarantee that Offer will deliver, No efforts in le;thuwmg the product and it will match my -
personality..

Use TRIZ principle ‘Mental inertia’ for identifying obstacles in the offer.

Digital Marketing is ‘different ‘ than ‘offline or in store” marketing. In case of
Digital marketing , before buying the product ‘only’ information will be available
to the consumer.

Conflict is.. If we use Digital marketing, then we cost-effectively ‘inform’
product/service features to many consumers [high reach]

BUT
Consumers may not believe in our information.

TRIZ tools used...1.eliminate information flow disturbances.2. Add additional
field to pull consumer on decision making cycle.[SU-FIELD]
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Improving Flow to reduce ‘Mental inertia’ WATAIZ Officia

probem_|Rootcause____solton _____|benefis

Less people log on to web bottlenecks
Site

Huge transport cost for Length of flow
distant locations

MPV comfort Grey zone
communicated
insufficiently

Time to browse more Length of flow
than competition
Product rejected on Value underestimated

receipt

221

Key words innovated to
target nearest
competition.

Local warehouse n
salesperson set up done.

emotion targeted in
photoshoots.

Redesigned website

Physical salesperson
delivered n gave
trial/alternate solutions

Cost of marketing is
reduced.

Cost of transport is saved

Conversion rate is
improved

Conversion rate is
improved

Cost of rejection is
reduced.



Adding ‘Emotional field’ to help consumer in decision making..

Following key elements added to solution..

Footwear models were compared to typical dress codes.
Footwear models were compared to ‘special occasions’
Footwear models were compared to ‘ladies footwear colors’ for matching.

List of ‘satisfied and unsatisfied consumers’ is shared.

offer

consumer

222

Emotional
field list
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Results and Learnings....

Total Orders

Total Orders vs Months

* Business sales growt | L e

000000

000000

uuuuuu

* 30% increase in price Is sustainea. T
 Leverage point audit managed the health of the company.

e Compounded profit benefits were 25%+.

 Asystemic view is a must for identifying the leverage points

* MPV along with Sufficiency thinking a must for modifying the offer for better
penetration

* TOC-TRIZ offer fantastic synergy.
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Outline

Problem statement

6T SRAM

Function model
Function oriented search
Physical contradiction
Su-Field

Conclusions
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1 Problem Statement A

Chip view
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CPU
Registerd Registerl Registerls e ) =, e
T L O3 OO0
. AL ,= O OrCHOHO O O WL
______________________________________ [ ?5 O OO0 OO (] - B
____________________________________ d HlEEE . Pt |- | e
- JI o o I | 1
B, | O O OO0 O L w1l
| Cache I X m § L ¥ PGl PG?
: O OHOHOHOHO O
|-Cache 1 D-Cache ITLB-Cache j |
— Column Decoder
_________________ | 1 | CE R
Address Data BL -
< BLB
L " 1 o SRAM Array 6T SRAM cell
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SRAM

Read Operation

WL

—T Voo
|:)_ —(1 PU2

QB

oy LR S

WL : Wordline

B
B
V

_: Bitline
| B: Bitline Bar

DD: Supply Voltage

| BLB

Write Operation

BL|

PU: Pull Up Transistor

PD: Pull Down
Transistor
PG: Pass Gate
Transistor
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PGl

PU1

—I: VDD
—(1 PU2

QB

PDI1

AI PD2

-

| BLB



[P

PG1

Function Model

PD1

PD2
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I solution Identification B

d Physical Contradiction

. TWO opposite requirement needed on a single e -
object.

. Object is WL Level.

. Requirements are Read and Write operations.

=  We need WL to be HIGH without any violation in
write operation.

WL Level
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I solution Identification B

d Physical Contradiction

*1. Separation in space

. Separate WL for Read and Write operation.
«2. Separation in time

*Principle: Taking Out

* Incompatible with bit interleaving.

= To recover bit interleaving, a read-modify-write scheme can be employed, in which every column has a sense network so that a
read operation can precede every write operation.

= Unselected columns are written back with the original data, while selected columns are written with new data.
» Degrades performance, area efficiency and power.

BL BLB BL BLB BL BLB

WL Boost

Circuit
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I solution Identification B
d Substance-Field (Su-Field)
For Read
For Write

_— 1 / T

Electric Field

Electric Field\ \
PG PG

Harmful substance need to remove
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DD solution Identification

d Building and Destruction of Su-Field
. Try to remove harmful function.
. Harmful function PU1 and PU2 removed.
. This result difficuli=te=w#ite on Q node.
WL
_I: VDD
-
I PU1 P —(1 PU2
_1_ _1_
1 ° QB
PG1 o2 | )

PD1 |— AI PD2 BL

< | BLB
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PGl

WL

QB

]

PDI

e

PG2

BLB



D solution 1dentification
J Building and Destruction of Su-Field
. Introducing modification within boundaries of system.
WL
|
WL
I |
TGI TG2
Q QB L Q QB
PGl PG2

PDI I— ‘I:IP’E'2
PDI1 AI PD2 B | . |

BL | A BIB
< BLB

WLB

TG: Transmission Gate
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i Conclusion B

. Modified 6T SRAM give better performance at low
voltage.

. Modified 6T SRAM gives better FOM(Figure of merit)
as compare to 6T SRAM cell.

. Resolve the issue of unable to writing full 0/1 at node Q
and QB by using TG(Transmission Gate).
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Outline WA

* Motivation

* (Cause Effect Chain Analysis

* Processor-Memory Interaction

* SRAM Architectural Outline

* SRAM Read Operation

* Sense Amplifier

* Function Model of Sense Amplifier

* ARIZ:SFR and IFR

* Proposed B-LVSA: Applying TRIZ Principles and Outcome
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Cause Effect Chain Analysis (1/2) B

LOW POWER
CONSUMPTION

Making devices
power-efficient
slows them down!

LOW VOLTAGE



Cause Effect Chain Analysis (2/2)

[ Battery drainage J

(V).

Touchscreen usage
consumes power

Screen ON for extended
periods

Y

[ Processor consumes powe}
1

Wireless features like Wi-Fi,
Hotspot consume power

[ Low-voltage operation for ]

[ Voltage of Operation is High J low power consumption

becomes Slow at Low

[ Bitcell read current reduces J

Foundry-designed;
cannot be altered

—

Sense Amplifier offset Sense Amplifier resolution
increases time increases

increases when resolving

aAata

Delay increases at Low
Voltages

udild
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Processor-Memory Interaction B

Data bus Address bus

Processor
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SRAM Architectural Outline MAH

— N -
A g
BitCell |— — — — — — —— BitCell >
How , i I :
i | ®
Decoder| | e ! g
| : I 3
BitCell |—| — — — — — — BitCell E
y [ I .E
R N
Decoder
fend Sense En | |
Enable Read-Write >
» Control Write En Sense
- Amplifiers
1O (Input-
Output) Unit
Write \ Datd out
Drivers | o
Data In
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SRAM Read Operation B

Bitcell

— * Bitline discharges through bitcell
which is sensed by the Sense
Amplifier

Bitline False (BLF)

Bitline True (BLT)

Current discharge path

Sense

Amplifier
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Sense Amplifier (SA) B

__________
_______

BLB

BLT

BLB

* Sense Amplifier is a comparator that

compares voltage levels of input signals BLT and BLB, and
generates outputs ST and SB accordingly.
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Function Model of SA WA

Charges

Product
//iVIaintains
Component
Controls Controls
“"Maintains P4 ‘
Supersystem
/’/ TNl Discharges
Discharges Wil Controls Maintains Useful
- Interaction
Controls
Discharges ischarges Harmful
N3 BLB ~ Interaction
ischarges Insufficient

@ """"" ~  Interaction
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ARIZ of SA: Substance-Field Resources (SFR) 4.

System Environment Supersystem Inexpensive Resource

Size of N1/ N2 VDDP BLT/BLB Adjacent SA
Threshold voltage of N1/N2 VSS SAE Write Driver
ON Current of N1/ N2 Pre-charge
Size of P1/ P2

Threshold voltage of P1/ P2

ON Current of P1/ P2
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ARIZ: Ideal Final Result (IFR) [1/3] B

Size of N1/ N2 should be large to rapidly discharge ST/ SB but small to not discharge SB/ ST and
to not capacitively load ST/ SB.

—  Contradiction beyond a certain increase in size due to loaded ST/ SB.

Threshold voltage of N1/ N2 should be low to rapidly discharge ST/ SB but high to not discharge
SB/ ST.

— Possible solution but lowest threshold voltage may already be in use or lower threshold voltages may
not be available.

— Increases fabrication cost.

On Current of N1/ N2 should be large to rapidly discharge ST/ SB but small to not discharge SB/
ST.

- Possible solution if there is a way to control N1/N2 better.
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ARIZ: Ideal Final Result (IFR) [2/3] B

4.

Size of P2/ P1 should be large to properly maintain SB/ ST but small to not charge ST/ SB and to
not capacitively load ST/ SB.

— Contradiction due to loaded S1/ SB.

Threshold voltage of P2/ P1 should be low to properly maintain SB/ ST but high to not charge ST/
SB.

— Possible solution but lowest threshold voltage may already be in use or lower threshold voltages may
not be available.

— Increases fabrication cost.

ON Current of P2/ P1 should be large to properly maintain SB/ ST but small to not charge ST/ SB.
— Possible solution and achievable by boosting VDDP which charges P2/ P1.
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ARIZ: Ideal Final Result (IFR) [3/3] B

10.

VDDP should be high to drive P2/ P1 more strongly and properly maintain SB/ ST. 2 Same as 6
- Possible solution by boosting VDDP which charges P2/ P1.

VSS should be low to drive N1/ N2 more strongly and quickly discharge ST/ SB.
— Possible solution by bucking VSS which discharges P2/ P1.
—  Butlonger path from ST/ SB to VSS may make it slower than VDDP boost.

BLT/ BLB should discharge P3/ P4 more to quickly discharge ST/ SB.

— Not possible because BLI/ BLB discharge is dependent on bitcell which is foundry-supplied and
cannot be altered.

SAE should arrive early to speed-up the read path before SA but late to allow BLI/ BLB to
discharge more and speed-up the read path after SA.

— Contradiction.
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Proposed B-LVSA: Applying TRIZ Principles &
N Bicel

 Strong oxidants (Boosted interactions)
— Boost sense amplifier supply VDDP
—  How? = Negative Bitline Write Assist

* SRAM Write Operation

Sense Amplifier

+  Negative Bitline Write Assist sl £ T SASUPPY m
[
—  Used to aid the Write operation 21 m +ve Boost %
— Uses large capacitance C to generate —ve boost f__g i ‘é’ Circuit T‘g
* Universality @ E’ A P
| -
— Resue the large capacitance C to generate +ve boost ; LB . i_. =
: o1 M C VA m
— Make this +ve boost the supply of SA = |
-
2 -ve Boost
| Circuit
: To Write Drivel
e

| \Write Driver
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Proposed B-LVSA: Outcome B

Without
Percentage improvement in amplification time with the proposed B-LVSA in 22nm CMOS gumoly
oost
1,000 Monte Carlo simulations at SSG, -40°C with MOSCAP width ‘W’ um
(SVT = Standard VT, ULVT = Ultralow VT, y = Mean, ¢ = Standard Deviation)
oy Improvement # o Improvement B p+50 Improvement - s__,.’ "'"'-'-_--_
With
Supply /
g 2 . . Boost
- B B (B-LVSA)

5
N
<t

N
1)
™

SB staying at an intermediate voltage
level creates contention and delays
the discharge of ST, thus prolonging

Supply Boost (VDDP_SA) quickly
pulls up SB and removes the
contention, leading to a much lesser

X
©
—

0%

SVT ULVT SVT ULVT SVT ULVT SVT ULVT SVT ULVT SVT U.LVT ) SVT ULVT the SAampIification time ampliﬁcation time
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Overall Gain WA

* ~8% improvementin Memory Speed enables lowering supply level by 50mV
* Chip operating at 0.75V can be operated at 0.7V
* Power consumption reduces by 15%

 Battery Life increases by 20%
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Using TRIZ to solve adhesion problem in the .

manufacturing process of mobile phone screens

1. Introduction

- This work presents a problem-solving experience in engineering (attaching OCA panels to phone
screens during manufacturing) using TRIZ's systematic thinking process.

- Firstly, we present the solution process based on a streamlined ARIZ program in section 2.

- Section 3 outlines the encountered problem, steps applying the streamlined ARIZ program, and the
obtained solution.

- Finally, results are discussed in section 4 along with some insights.

257



Using TRIZ to solve adhesion problem in the
manufacturing process of mobile phone screens

2. The streamlined ARIZ Program

A
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- Altshuller's comprehensive ARIZ program, notably ARIZ 85C consisting of 36 steps, is widely known.

- However, for moderately complex problems, the full ARIZ can be overkill.
- Thus, a streamlined version proposed by Phan Dung in 2010 offers 6 steps that provides a

structured approach to problem-solving, suitable for moderately complex problems without the

overhead of the full ARIZ program.
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e 2. The streamlined ARIZ Program

M Understanding the problem

Stating the objective

Listing direct factors causing physical contradictions

Stating physical contradictions

Generating ideas to resolve contradictions

Evaluation, selection, and testing
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3. Problem and solution

* Problem:

 The High Tech Company in Vietnam faces an issue during the production process where robot arms
gripping OCA panels for phone screen attachment often end up sticking two OCA panels together.
This causes production halts for troubleshooting, prompting the need to minimize such occurrences.




Using TRIZ to solve adhesion problem in the
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3. Problem and solution
Solution:

A
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Step 1: Understanding the problem: The process of gripping OCA panels involves several steps, with

the issue arising during loading due to additional OCA panels sticking together.
Step 2: Stating the objective: Minimize the occurrence of OCA panel sticking errors.

Step 3: Listing direct factors causing physical contradictions: Identified factors include the OCA

panels and the air between them.
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3. Problem and solution
Solution:

Step 4: Stating physical contradictions: Three physical contradictions are identified regarding OCA
panel adhesion and the air between them.

Step 5: Generating ideas to resolve contradictions: The engineers proposed installing an lon air

blower system to eliminate static electricity and neutralize the vacuum force between the OCA
panels.

Step 6: Evaluation, selection, and testing: The proposed solution was implemented on 15 production
lines for evaluation of effectiveness.
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3. Problem and solution
e Solution:

lon bar
blower
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4. Results
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- After implementing the proposed idea on 15 production lines and evaluating its effectiveness after

one month of testing, the results were very positive.
- Specifically, the number of errors decreased from 4,605 occurrences to 685 occurrences,

representing an 85.12% reduction.

- Additionally, machine downtime decreased from 3,686.8 minutes to 858 minutes, indicating a

76.73% reduction.

264



A
MATRIZ Official

Using TRIZ to solve adhesion problem in the
manufacturing process of mobile phone screens

4. Results

SEPTEMBER OCTOBER _ _
e | :f't =al Giai thich Error gi;': :ii o) t?;: ég I‘;’ é:_::] Eé'r'j';'afﬁy e || B :j't sal Giai thich Error o iami':in] thtrlf—_:; % = Eé'r'j':afﬁy
B1LAMAGMN EOQZ2670 SUB_ROBOT_1_PANEL_OCA_VAC_OMN_ERR 379.1 5.9 325 B1LAMAGM EQ2670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 90.8 0.6 75
B1LAMATM EO0ZE670 SUB_ROBOT_1_PaAMEL_OCA VAC_OM_ERR 255.1 5.5 270 B1LAMATM EOZ67T0 SUB_ROBOT_1_PAMNEL_OCA_VWAC_ON_ERR 81.6 1.2 68
B1LAM4SN EQ02E670 SUB_ROBOT_1_PANEL_OCA_VAC_OMN_ERR 116.3 1.8 421 B1LAMABM EQ2670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 60.0 0.3 50
B1LAM49N EQ02E670 SUB_ROBOT_1_PAMEL_OCA_VAC_OM_ERR 211.5 3.3 365 B1LAMAGN EQ2670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 45.3 0.1 35
B1LAMSON EQ02E670 SUB_ROBOT_1_PANEL_OCA_VAC_OMN_ERR 154.3 2.4 262 B1LAMBOM EQ2670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 84.2 0.2 73
B1LAMZ1N EQ02E670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 211.0 4.5 31 B1LAMZ1M EOQ2670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 53.6 0.3 32
B1LAM3ZN EQ02E670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 3281 5.3 226 B1LAM3ZM EQZ2670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR G2.2 0.2 49
B1LAM33N EQ02E670 SUB_ROBOT_1_PANEL_OCA_VAC_ON_ERR 187.2 1.9 195 B1LAM33MN EQ2G670 SUB_ROBOT_1_PAMNEL_OCA _VAC_OM_ERR 55.4 21 41
B1LAM34M EO0ZE70 sUB_ROBOT_1_PAMEL_OCA_VAC OMN_ERR 256.0 4.6 37 B1LAMIAM EQZ2E7T0 SUB_ROBOT_1_PAMEL_OCA WVAC OMN_ERR 366 0.2 a5
B1LAM3SN EO0ZE70 sUB_ROBOT_1_PAMEL_OCA_VAC OMN_ERR 187.5 1.9 285 B1LAMISR EQZ2E67T0 SUB_ROBOT_1_PANEL_OCA_VAC OM_ERR 42 1 0.5 a5
B1LAM3GN EQ02E670 SUB_ROBOT_1_PANEL_OCA_VAC_OMN_ERR 3521 5.5 266 B1LAMIGM EQ2670 SUB_ROBOT_1_PAMEL_OCA_VAC _OM_ERR 68.2 0.2 32
B1LAM3TN EQ02E670 SUB_ROBOT_1_PANEL_OCA_VAC_OMN_ERR 194.5 2.0 382 B1LAM3TM EQ2670 SUB_ROBOT_1_PAMEL_QCA_VAC OM_ERR 54 8 0.2 49
B1LAM3ENM E0Z2G670 sSUB_ROBOT_1_PAaMEL _OCA WVAC OM_ERR 237.0 5.4 412 B1LAMZEM EQZE7F0 SUB_ROBOT_1_PANEL_OCA_VAC OMN_ERR 44 3 0.4 41
B1LAM3AN EO0ZG7T0 sUB_ROBOT_1_PAMEL_OCA_VAC _OMN_ERR 165.8 1.7 17 BLAMZAM EQZ2E6T0 SUB_ROBOT_1_PAMNEL_OCA_VAC OM_ERR A8 7T 0.1 35
B1LAM4OM E0Z2G670 sSUB_ROBOT_1_PAaMEL _OCA WVAC OM_ERR 251.3 4.7 225 B1LAMAOM EQ2E6T0 SUB_ROBOT_1_PAMEL_OCA_VAC OM_ERR 25 2 0.1 a5
Total 3,686.8 56.4 4,605.0 Total 858.0 6.8 685.0

Statistics on the number of errors and
machine downtime before applying TRIZ
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e 4. Results
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e 4. Results

Machine downtime reduced: 3,686.8 — 858 = 2828.8 minutes

Damage 1 minute downtime: 225 $
Amount saved: 2,828.8 minutes x 225 S = 636,480 S

Productivity improvement efficiency: 4,600 EA/ 1 month

Product value of Lami pxgcess: 80 S/ 1 EA
The amount of money saved: 4,600 EA x 80 S = 368,000 S

Total amount saved (1 month):

636,480 S + 368,000 S = 1,004,480 S
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*THANK YOU!

Tan Nguyen Minh

Hanoi University of Industry
Hanoi, Vietham

Email: tannm@haui.edu.vn
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