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Seasonal Impact of Impulse Purchase 
of Glassdoor Fridge Items  

Devaprasanth B 
(IIITD, Delhi,INDIA) 

Manivannan S
(IIITD, Delhi, INDIA) 

Vijayalakshmi 
(IIITD, Delhi,INDIA) 

Dr. Anuj Grover 
(IIITD, Delhi,INDIA) 



WHAT IS THE PROBLEM?

Problem Source :  

 Problem Identified In:
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• Seasonal Drop in Sales of products Displayed in Glass Door Refrigerators 

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



THE PROBLEM:

21   21   

Not Clearly 

Visible
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FUNCTIONAL MODEL:
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CAUSE EFFECT CHAIN ANALYSIS:
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PHYSICS BEHIND THE PROBLEM:
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T α (1 / R.H )

Where 

Tdp – Dew Point in degree Celsius 

Tn – Current temperature of air inside

refrigerator (in °C )

R.H – Relative humidity (%) 

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

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 24   



IDENTIFICATION OF PROBLEM:

Main Issue: 

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

1. Primary : Isolation of Air 

2. Secondary : Remove water from Air 

3. Tertiary : Isolation of water from glass 

25   Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 25   



SOLUTION IDENTIFICATION:
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PARAMETERS CONSIDERED:

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

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



LEADING INDUSTRIES:
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Hydrophobic Coating:

  Hydromer, Inc, Saint-Gobain

Rear window defroster:

  Kia, Tata Motors

Humidity Control mechanism:

            Mitsubishi Electric, LG

 

Air Curtain:

 Lamsystems

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 27   



CRITERIA METHOD:
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RADIAL PLOT OF SOLUTIONS:

29   Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 29   



PRACTICAL IMPLEMENTATION:
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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 

air exchange, resulting in temperature fluctuations.

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.

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 30   



SOLUTION TO SECONDARY PROBLEM:
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• Horizontal 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.

Devaprasanth B, Manivannan S, Vijayalakshmi & Dr.Anuj Grover 31   



THANK YOU!
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Model for preparing future innovation 

leaders

Nadezda Feygenson
(Development Director of MIR 
TRIZ, Seoul, South Korea) 

Natalia Chernoivanova
(Representative of MIR TRIZ in 
Spain, Madrid, Spain) 

Marina Skiba
(Representative of MIR TRIZ in 
Kazakhstan, Astana, Kazakhstan) 

Еkaterina Nekhaeva
(Vice-President of MATRIZ Official, 
Novosibirsk, Russia) 

Olena Gredynarova
(Director of the private institution 
«Lyceum of Intellectual Creativity 
‘Eidos’, Zaporizhzhya», Ukraine) 



Outline

1. An existing contradiction in one of the lines of society development 

2. Possible solution to the controversy

3. Conclusions and recommendations - demonstrating a model for preparing future 
innovation leaders
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✓ Impact of development

✓ Existing development

✓ Anticipating development
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• The education system must be able to respond quickly to new social requirements 
and be able to work for the future. 
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Reality• Requirement
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A resolution of the contradiction is required
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Origins of TRIZ in Education
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Methodological 
developments on TRIZ 
in education began in 
the 1980s.

And continue to this 
day
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Engineering

Creating technology
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Universal TRIZ models
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Business

Marketing
Politics

Engineering

IT

Social sphere

Education

Art
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1+1=10 / When is it possible?
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ac

h
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• New knowledge and skills

• Introduction of new creative teaching 
methods

• Preparing a new generation of 
technology leaders

• Increasing motivation for teaching and 
learning

P
ar

e
n

ts

• Development of one's own thinking 
and its translation

• Development of the child's personality 
and the necessary competencies 
required by external conditions

• Solving life's problems

C
h

ild
re

n

• Formation of divergent and critical 
thinking

• Developing a bold controlled imagination

• Soft skills development

• Development of memory, attention, rich 
speech

• Increasing motivation to learn 
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The outcomes of Creative Learning 
Practices

• Conducting the study 
«Incorporating Innovation in the Educational Process» 
from 1989 to 2006 (children from 6 to 10 years old)
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Svetlana Guin, PhD, BY BLR

7,7

3,6

Experimental classes
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Pedagogical Innovations
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Marat Gafitulin, PhD, RF

Development of new pedagogical 
models and methods for the study of 
educational subjects based on TRIZ 
technology

«Levels of cognition»
«Levels of creativity»
«Geometric solids»
«Bee» - a methodology for developing pupils' independence 
when studying their native language
and others
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The results of TRIZ training of students 
in Korea
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Q: 
Was TRIZ helpful 

in developing 
thinking power 
and creativity? 

strongly 
agreed

agree not sure disagree
strongly 
disagree

Response (%) 68 32 0 0 0

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. 

Yong Won Song, Professor, KR
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The realizing the potential of 
graduates (TRIZ+)
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Integration of TRIZ into the 
school curriculum of Eidos 
School allowed students to 
realize their creative 
abilities in their professions

Olena Gredynarova, Ph.D., UA
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Composition of the Methodological Council of the International Institute 
for TRIZ Development in Education
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TRIZ integration

Analytical instruments Problem solving

Function 
Analysis 

Cause-Effect 

Chains 

Analysis 

Developing creativity

Inventive Principle 
Application 

Algorithms for 
solving problems
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First face-to-face event on TRIZ in 
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
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More than 800 participants from 27 countries
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Festival of innovative projects 
"WORLD OF CHILDREN'S IDEAS"
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250 participants from Belarus, Montenegro, Spain, Sweden, Russia, 
Estonia, South Korea, UAE and other countries
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Feedback from parents and children after TRIZ classes
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Feedback from parents and children after TRIZ 
classes
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Feedback from parents and children after TRIZ 
classes
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Integration of TRIZ into mathematics 
and languages
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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

• 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 - а national middle school mathematics competition

• Stanford Math Tournament

Irina Deryugina, Representative MIR TRIZ, 
USA.
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Creating innovations involving 
business customers
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Olga Shamina, Representative MIR TRIZ, 
Ph.

Students from the Faculty of Innovatics

Engineering solution

Start-up
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Achievements of MIR TRIZ alumni

- 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   
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Conclusions and recommendations
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The needs of the 
family and 

society

Education and 
training

TRIZ-
technology*

Adult and child 
education

TRIZ 
integration

New 
education 

models

Innovators, 

creative 

individuals
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Results of TRIZ integration in Education

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

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

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

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

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

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

57   
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Inference
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«Creativity - is a universal human function that 
leads to all forms of self-expression» - A. Maslow

«Human beings can be creative in their social 
relationships, in their ability to communicate with 
others, in their ability to experiment in any field of 
knowledge» - Anderson

«If someone manages to solve a truly 
creative problem, to fully experience 
the state of insight, he experiences a 
powerful emotional rise, which can be 
compared to religious ecstasy or love» 
- A. Einstein
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Thank you!
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Research on PBL(Problem Based Learning) 

based on TRIZ

Jung-Hyeon Kim, Ph.D

TRIZ Master, Diploma No. 104

Professor, Kumoh National Institute of Technology



목 차

01

02

03

What is PBL?

T-PBL+ & Case Study

Conclusions
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 PBL (Project vs. Problem Based Learning)

What is PBL?

Project Based Learning

Problem Based Learning

Problem

Situation

Problem

Definition

Data

Collection

Idea

Generation

Outputs

Presentation
Wrap-up
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 PBL (Problem Centered vs. Based Learning)

What is PBL?

Problem-Centered Learning Problem-Based Learning

❖Problems are given as a way to check whether 

learning has been carried out properly

❖A simple problem applying one or two factual 

knowledge or principles

❖The instructor informs the learner of the 

information needed to solve the problem 

through a lecture.

❖Problems are presented as a way to begin 

learning

❖A broad range of questions encompassing 

everything you need to learn

❖A complex problem where multiple concepts 

and principles work together – multiple 

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?

 Representative Model for PBL
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 T-PBL+ (TRIZ Based PBL) in Our University

T-PBL+ 1st stage (1st Semester)

On/Offline Course

Problem Analysis

Problem Definition

Problem Situation

Implementation of Project

Idea Generation

Evaluate Ideas

Selection of Final Solutions1

2

3

6

5

4

T-PBL+ 2nd stage (2nd Semester)

Performance Test

Prototype Implementation

Design and Simulation

Project Plan

Performance Analysis

Wrap up

Patents Application/Registration

Writing Papers

Technology Transfer

Production/Process Application1

2

3

4

6

5

What is T-PBL+?

+ : advanced

Empathize

Find

Problem

Analyze GenerateDefine Evaluate Verify

Problem 

Situation

Problem

Identification

Idea

Generation

Selection of

Final Solutions

Test, Patents

Application

Generative AI
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11

2021

13

2022

 Project from T-PBL+ (TRIZ Based PBL)

What is T-PBL+?

❖Mechanical industry field

❖ Smart factory/farm field

❖ National defense logistics field

❖ ICT field

❖ Etc.
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Problem

Problem

Problem

Problem

DB

Problem

Selection

Visit & Discuss

 at Business Field

Problem

T-PBL+ Class

 Project from T-PBL+ (TRIZ Based PBL)

What is T-PBL+?

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

[KIT Project Market Homepage]
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Coupler ass’y

Rubber

Case Study from T-PBL+

 Effective Removal of Flash in Rubber Couplers

C-EPS (Column Type Electric Power Steering)

✓ 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

✓ The coupler is composed of rubber and auxiliary materials and is completed through a curing 

process using a mold
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Flash Removal Manually 
Noise Generation

Remained Flash

Insufficient Flash Removal

[ Root Cause Analysis ]

 Effective Removal of Flash in Rubber Couplers

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

parts
Problem

Flash

[ Coupler ] [ Coupler vs. Housing ]

Friction between Coupler & Housing

Case Study from T-PBL+
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 Effective Removal of Flash in Rubber Couplers

Maintenance of Cavity ↑

Remained

Flash

Produc-tivity

Good

Bad

✓ Key Problem : How to remove flash sufficiently? (maintenance of cavity ↑ )

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

                                                                   → But, the amount of wasted material increases

Product

Lower Cavity

Upper Cavity

Flash

Waste ↑

Thick Flash

Easy to

Cut

Waste

Mat.

Good

Bad

Easy

Vs.

Case Study from T-PBL+



 Effective Removal of Flash in Rubber Couplers

✓ Key Problem : How to decrease wasted material?

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

Thick Flash

Easy to

Cut

Waste

Mat.

Good

Bad

<Supply Rubber> <Molding Process><Cavity Open>

waste

> 600gBar Type

Raw Material

<Cavity Open - Rubber> <Molding Process>

Thick Flash

Ring Type

Raw Material

[ As-Is ]

[ To-Be ]

Thin Flash

waste

< 400g

Case Study from T-PBL+



 Effective Removal of Flash in Rubber Couplers

✓ Key Problem : How to decrease wasted material?

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

Top clamping plate

Ejector plate

Upper cavity plate

Lower cavity plate

Pot

Bottom clamping plate

Lower support plate

Top clamping plate

Upper cavity plate

Lower cavity plate

Bottom clamping plate

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

Case Study from T-PBL+
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 Effective Removal of Flash in Rubber Couplers

✓ Key Problem : How to increase cutting productivity and quality?

    ☞ Semi-automatic blade device to removal flash → Cutting productivity & quality ↑

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

< Final Product >

Zero Flash

[ Product Input ] [ Product Rotation

⇒ Blade Down ]

[ Remove Flash ]

[ Flash Removal Manually ]

Case Study from T-PBL+
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As-Is To-Be As-Is To-Be

Supplied Rubber Weight (g) Time to Remove Flash (sec)

 Effective Removal of Flash in Rubber Couplers

✓ Reduce manufacturing costs by improving quality and reducing 

wasted material

✓ Increase productivity by reducing time to remove flash

✓ Solve a problem by deriving a opposite concept

Case Study from T-PBL+
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Conclusions

 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

 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
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Protecting the heat elements of electric 
horizontal storage water heater

Haijun Li (Allan)



Content

1. Background

2. Function Analysis

3. Trimming

4. Problem Solving

5. Conclusions

6. Q&A
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Background

In 1889

Edwin Ruud

（First household storage gas water heater）

In 1929

Hofferbert Orrin

（First household storage electric  water heater）
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Background

 Tap water contains a large number of metal cations (eg, Ca2+，Mg2+, etc.) and anion groups (eg, 
CO3

2-，SO42- , 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 CaCO3，MgCO3, CaSO4  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:
a. 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;

b. 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.
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Background

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

141   inducts
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2-，……
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contains
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heats
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Background

• Fig. 5. Summary of existing solutions
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Ca2+/Mg2+ in inlet
in the tank, Ca2+/Mg2+ come into 

contact with CO32-/HCO3-/OH-
High temperature heat elements

Scale particles have a long contact 
time with heat elements

Scale particles adhesion on heat 
elements

Pre-removal of Ca2+/Mg2+ from water
Avoid contact between scale-forming 

ions
Changing the surface properties of 

the Heat elements
Avoid contact between scale 
particles and heat elements

Reduce the contact time between 
scale particles and heat elements

Remove scale from the surface of 
heat elements

Scale-free technologies
(SF)

Anti-scaling technologies
(AS)

Descaling technologies

(DS)

Avoiding scale 
formation by lowering 

the temperature

Avoid contact between 
scale particles and heat 

elements

Changing the surface 
properties of the Heat 

elements

Reduce the contact time 
between scale particles 

and heat elements

Many small diameter tubes

Variants 1, 2

Sol 1

Active adsorption of 
scale particles using a 

"sacrificial" anode

By increasing the water 
flow rate, it can impact 
the scale attached to 

heat elements

Descaling with 
ultrasound

Use mechanical devices 
to remove scale attached 

to heat elements

Chemical descaling

Magnetic field + 
vibration

Summary of existing solutions

CaCO3/MgCO3/Mg(OH)2 in contact with 
heat elements

Time

The steam production with the help of 
the microwave generator

Sol 2

Avoid contact between 
scale-forming ions

The positive charge of the tube

Sol 3

Multiple crossing of the magnetic field 
by water flow

Sol 4

Supply of water-air mixture

Sol 5

Heat-conducting non-metallic tube

Variants 1, 2

Sol 6

IR-heating of water through an IR-
transparent non-metallic wall

Sol 7

Blowing of hot air through water

Sol 8

Spiral movement of water in the tube

Sol 9

Increasing the water flow speed while 
reducing the tube diameter

Sol 10

Reducing the roughness of the 
inner surface of the tube

Sol 11

Pre-removal of Ca2+/Mg2+ 
from water

Using the ice as a water source 
for steam generation

Sol 12

Holey metal core inside the 
induction coil

Sol 13

Production and heating of cold 
steam

Sol 14

Nozzle

Sol 15

Evaporative surface of water flowing in 
the tube

Variants 1, 2

Sol 16

Anti-scaling coating of the inner 
surface of the tube

Sol 17

Superheated water

Sol 18

Vitamin supplements in water

Sol 19

Ultrasound in the tube

Sol 20

Constant cleaning of the tube from the 
scale

Sol 21

Finger heater inside the tube

Variants 1, 2, 3

Sol 22

Vibrating of the tube wall

Sol 23

Water distillation

Sol 24

Magnetic reduction of water 
hardness

Sol 25

Manual cleaning of the internal 
surfaces of the steam generator

Variants 1, 2,

Sol 26

Heating the tube wall below the 
boiling point of water

Sol 27

Descaling mode

Variants 1, 2, 3, 4,5

Sol 28

Reverse osmosis filter

Sol 29

Electrodeionization filter

Sol 30

A tube filled with "pebbles"

Sol 34

Balls that soaring in the stream of 
water and steam in the vertical tube

Sol 44

Tumbling the walls of the ring-
shaped tube with balls

Sol 45

Others

Evaporative-rotary steam 
generator

Sol 46

Storage steam generator under 
the bottom of the food chamber

Sol 48

"Sacrificial" anode

Sol 53

Shower

Sol 57

The upper position of the water 
box and hot plate

Sol 58

Ultrasonic steam heated in the 
oven

Sol 59
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Prototype: CN2187278Y & 
CN103575359A

• CN2187278Y

143   

1. Tank

2. U-Shaped heat element

3. Elastic ring

4. Pull bar 5. Draw back plate

6. Sealing device

7. Piston rod

8. Oil (Gas) cylinder

9. Piston

10. Inlet pipe

11. Ouutlet pipe

CN103575359A
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6. Q&A
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Functional Analysis

• Fig. 7. Function Model of CN2187278Y
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Summary of Trimming Rules

• Rule A: Function Carrier can be trimmed if the Object of 
the Function does not exist (the most radical trimming)

• Rule B: Function Carrier can be trimmed if the Object of 
the Function performs the function itself

• Rule C: Function Carrier can be trimmed if the Another 
Component of the Engineering System or Supersystem 
performs the useful function of the Function Carrier

Action B
Function Carrier

A
Object of the Function

C

Action B
Function Carrier

A
Object of the Function

C

Action
BFunction Carrier

A
Object of the Function

C

Function Carrier
D
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Trimming
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Trimming roadmap
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Rule A

Rule B

Rule C

TRIMMING

Sealing device

Stealing device can be 

trimmed, if Piston rod inducts 

itself

Sealing device inducts Piston rod

Sealing device inducts Water

Stealing device can be 

trimmed, if another component 

inducts Piston rod

Rule A

Rule B

Rule C

A-B

A-A-A-B

A-C

A-A-A-C

Rule A

Rule B

Rule C

A-A-B

A-A-C

Sealing device can be 

trimmed, if Piston rod is 

removed 

TRIMMING

Piston rod
Piston rod can be 

trimmed, if Draw back 

plate is removed 

Piston rod can be trimmed, 

if Draw back plate moves 

itself

Piston rod can be trimmed, if 

another component moves 

Draw back plate

TRIMMING

Draw back plate
Draw back blate can be 

trimmed, if Pull bar is 

removed 

Draw back plate can be 

trimmed, if Pull bar moves itself

Draw back plate can be 

trimmed, if another component 

moves Pull bar

TRIMMING

Pull bar

Rule A

Rule B

Rule C

Pull bar can be 

trimmed, if Elastic 

rings is removed 

Pull bar can be trimmed, if 

Elastic rings moves itself

Pull bar can be trimmed, if 

another component moves 

Elastic rings

A-A-A-A-B

A-A-A-A-C

TRIMMING

Elastic rings

Rule B

Rule C

Elastic rings can be 

trimmed, if Scale 

removes itself

Elastic rings can be 

trimmed, if another 

component remove Scale 

B

C

How to make Scale remove itself ?

How to make another component 

(eg. the heat elements) to remove 

the Scale ?How to make Elastic ring 

moves itself ?

How to make another component (eg. the heat 

elements) to move Elastic rings ?

How to make Pull bar 

moves itself ?

How to make another component (eg. the heat 

elements) to move Pull bar ?

How to make Draw back 

plate moves itself ?

How to make another component (eg. the heat 

elements) to move Draw back plate ?

How to make Piston rod 

inducts itself ?

How to make another component (eg. the heat 

elements) to induct Piston rod ?

A

A-A

A-A-A

A-A-A-A
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Trimming Problem List
1. Tank

2. U-Shaped heat element

3. Elastic ring

4. Pull bar 5. Draw back plate (Bimetallic strip)

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

1. Elastic ring

2. Pull bar 3. Shape memory alloy spring

5. How to make Pull bar moves itself ?

1. U-Shaped heat element 2. Shape memory alloy ring

7. How to make Elastic ring moves itself ?

1. How to make Piston rod inducts itself ?

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

3. How to make Draw back plate moves itself ?

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

5. How to make Pull bar moves itself ?

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

7. How to make Elastic ring moves itself ?

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

9. How to make Scale remove itself ?

10. How to make another component (eg. the heat elements) to remove the Scale ?
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My patent: CN204934141U
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Conclusions
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3. Shape memory alloy spring

1. Tank 2. U-Shaped heat element
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Thank you for your attention!

Haijun Li ( Allan )

E-mail: triz_trainer@126.com
Tel: +86 13621311579
Skype: li.haijun.allan



TRIZ Problem Solving - Case Study of 

Attic Stairs in the US Market

Jerzy Obojski
Consulting Jerzy Obojski



• Globalization
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How do Global companies work? 
A simplified model of Global Companies.

Intro
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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

Intro
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2. Production:

• Global company 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

Intro
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3. Distribution and Logistics:

• Global company has a presence in many countries, with a lot of stores worldwide.

• They focus on effective distribution to make products available to customers in different regions.

Reliable distribution system

Intro
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4. Complaints and Servicing:

• Global company focuses on the quality of customer service.

• In case of complaints or problems with the product, they offer support and solutions to satisfy the 
customers.

Cost pay supplier

Intro
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Intro
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Year Country Supplier
2012 China A
2013 Denmark B
2014 Denmark B
2015 China C
2016 China D
2017 China E
2018 China F
2019 Denmark B
2020 Denmark B
2021 Poland G
2022 Poland G

Product: Attic Stairs 

Various suppliers from different countries provided the identical product to the US market across different years.

Intro
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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:

1. Brand Image: The design should match what the company stands for.
2. User Feelings: Good design makes people feel happy about using the product.
3. Easy to Use: The design should help the product work well, not just look nice.
4. 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.

Intro
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• In 2020, the Polish company FAKRO won a 

contract for the production and delivery of 

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 

Issue
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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.

Issue
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Issue
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Issue

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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TRIZ

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.
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Principle of operation
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Principle of operation
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Principle of operation
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Principle of operation
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Principle of operation
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Issue
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Crack in the wood

Deformation of the hook mounting

Increased force arm Not resistant construction

Internal test shows that this solution is OK

CECA
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Root cause
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Crack in the wood

Deformation of the hook mounting

Increased force arm Not resistant construction

Increased hook lenght

Modification by user

Difficulties in 
reaching the 
hook

Lack of 
knowledge about 
consequences

Desire of own 
life hack

Absent 
information that 
any modification 
is prohibited

No solution that 
prevent user to 
make it

Internal test shows that this solution is OK

CECA
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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
• Use fields in conjunction with field-activated (e.g. 

ferromagnetic) particles

13. The other way round
• Invert the action(s) used to solve the problem (e.g. instead of 

cooling an object, heat it
• Make movable parts (or the external environment) fixed, and 

fixed parts movable
• Turn the object (or process) 'upside down

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.

Technical contradiction
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28. Mechanics substitution

Manual operation will be changed to

electrical drive operation. Operator should only push the button.

Ideas
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13. The other way round

External docking hook will be changed to internal one.

Ideas
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35 Parameter changes

Changes from push – pull solution to rotate solution.

Ideas
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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.

Response
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1 Can a Physical Contradiction be 
resolved by separation in space? 
(where?) 

YES inventive principles: 1,2,3,7,4,17 

NO If not, justify and go to point 2: 

2 Can a Physical Contradiction be 
resolved by separation in time? 
(When?) 

YES inventive principles: 9,10,11,15, 34 

NO If not, justify and go to point 3: 

3 Can Physical Contradiction be resolved 
by separation in relation? (for whom?) 

YES inventive principles: 3,17,19, 31, 32, 40 

NO If not, justify and go to point 4: 
4 Can Physical Contradiction be resolved 

by separation at the systemic level? 

YES inventive principles: 1, 5,13, 33 

NO If not, justify and go to point 5: 
5 Can a Physical Contradiction be 

resolved by separating in a direction? 
(in which direction?) 

YES inventive principles: 4, 40, 35,14,17, 32 

NO If not, justify and go to point 6: 

6 Can a Physical Contradiction be 
resolved by satisfying contradictory 
requirements? 

YES inventive principles: 13, 28, 35, 36, 37, 38, 39 

NO If not, justify and go to point 7: 

7 Can a Physical Contradiction be 
resolved by bypassing the 
contradictory requirements? 

YES inventive principles: 25, 6,13 

NO The wording of the Physical Contradiction needs 
to be changed. 

 

Physical contradiction
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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.
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).
Change the concentration or consistency.
Change the degree of flexibility.
Change the temperature.

Physical contradiction
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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”.

Physical contradiction
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S1

F

S2 S1

F

S2’

A given Su-field model cannot be adequately performed. 
Design changes are not allowed.

Modify existing substance S2 into S2' to give the Su-field model 
the desired properties.

?

Su-Field model
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Right-handed thread Left-handed thread

Extended version is available on the market. No easy to get on the market.

Solution
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Solution

• 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:

• • Original 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 Takeaways

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

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

3. Creative solutions can often be found by looking at the problem from different perspectives and 
applying systematic innovation techniques.
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Key Takeaways

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

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

6. Global companies must balance standardization with local market needs and user behaviors, 
which can vary significantly across regions.
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Key Takeaways

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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© Author #1 & Author #2   

Ensuring Sterile Transfers

Aditya Nangia 
(IIIT-Delhi, India) 

Saksham Bhupal 
(IIIT-Delhi, India) 

Dr. Anuj Grover
(IIIT-Delhi, India) 



Industry
The Pharmaceutical Industry is a cornerstone of 
modern global healthcare, saving lives through 
the discovery, development, and manufacturing 
of life-saving medications.

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

Context

2   

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

3

Video

Beta 

Port

Alpha 

Port
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https://www.youtube.com/watch?v=GSusQbI-6Fk
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System Working
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Problem

5

The problem is simple:

HUMAN GREED
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Component Diagram
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The International TRIZ Conference ITC 2024   ●   MATRIZ Official© Aditya Nangia & Saksham Bhupal & Anuj Grover

Ideal Final Solution  

7

Block Atmosphere to maintain an Aseptic and Sterile Environment 

Main Function of Engineering System

• 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.

Ideal Final Solution
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The International TRIZ Conference ITC 2024   ●   MATRIZ Official© Aditya Nangia & Saksham Bhupal & Anuj Grover

Function Oriented Search

8

Industry Leader Industry Follower

Gasket

Dog

s

Gasket

Dog

s

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

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

Proposed Solution  

9

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. 

Physical Contradiction:

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 aligned with the 

Cell Seal.
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Function Analysis
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Updated Functional Analysis
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The International TRIZ Conference ITC 2024   ●   MATRIZ Official© Aditya Nangia & Saksham Bhupal & Anuj Grover

Positive Impact

12

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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Application of TRIZ –TOC Synergy.

Sadashiv Pandit

Founder 

Unigo Fashionwear LLP, Pune, India 

Mukta Pandit

Co-Founder 

Unigo Fashionwear LLP, Pune, India 



• 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 II 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.

Business Challenge of Retail Channels…
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• 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’

Business Challenge of Retail Channels…
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Two Genius of our Century….

Dr Eli Goldratt ,Inventor TOC 
[Theory of constraint] Dr Althshuller    ,Inventor TRIZ

212   

212   



• Identify 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

• Use TRIZ tools in developing the new offer.

• Measure impact on sales and profits and learning notes.

Synergy…[1+1=11]
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• 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…
214   

Identify systemic leverage points using TOC tool necessary thinking/CRT.

A

B

For A to happen ,B must be present.
Example…To pass an exam, we must attend it
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• 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.

Provide TOC standard solutions to make system optimum/productive.
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• Sufficiency Thinking…
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Design new offer using TOC ‘sufficiency thinking ‘ for the equation V=F/C

A

B FEDC

FOR A TO BE PRESENT, B AND C AND D AND E AND F.. MUST BE PRESENT.

AND
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Design new offer using TOC ‘sufficiency thinking ‘ for the equation V=F/C

New 
value 
offer

Benchmark 
product

No efforts in 
acquiring it

Guarantee
It will work

No loss 
of sales

First to be 
available

Match
My personality

AND
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Design new offer using TOC ‘sufficiency thinking ‘ for the equation V=F/C
Benchmark Product

• Final Product…At higher Price

For enhanced foot support , feature ‘wedge action’
Is selected from material handling industry. The upper 
Is modified to provide 7 degree of wedge action.
For cushioning and long life ,feature ‘automobile scrap tyre’
Is selected and outsole is made from that material.
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• 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.

•   

Design new offer using TOC ‘sufficiency thinking ‘ for the equation V=F/C
First to be available and No loss of sales
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• 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]

Design new offer using TOC ‘sufficiency thinking ‘ for the equation V=F/C
Guarantee that Offer will deliver, No efforts in acquiring the product and it will match my 

personality..
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Improving Flow to reduce ‘Mental inertia’

221   

problem Root cause solution benefits

Less people log on to web 
site

bottlenecks Key words innovated to 
target nearest 
competition.

Cost of marketing is 
reduced.

Huge transport cost for 
distant locations

Length of flow Local warehouse n 
salesperson set up done.

Cost of transport is saved

MPV comfort 
communicated 
insufficiently

Grey zone emotion targeted in 
photoshoots.

Conversion rate is 
improved

Time to browse more 
than competition

Length of flow Redesigned website Conversion rate is 
improved

Product rejected on 
receipt

Value underestimated Physical salesperson 
delivered n gave 
trial/alternate solutions

Cost of rejection is 
reduced.
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• 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.
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Adding  ‘Emotional field’ to help consumer in decision making..

offer

consumer

Emotional 
field list
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• Business sales growth 

• 30% increase in price is sustained.
• Leverage point audit managed the health of the company.
• Compounded profit benefits were 25%+.
• A systemic 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.

Results and Learnings….

223   



Thank You
Sadashiv Pandit

sadashivpandit29@gmail.com 

Mukta Pandit

muktadc@gmail.com 
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Shweta Pandey
(IIITD, Delhi,INDIA) 

Dr. Anuj Grover 
(IIITD, Delhi, INDIA) 



Outline

• Problem statement

• 6T SRAM

• Function model

• Function oriented search

• Physical contradiction

• Su-Field

• Conclusions
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Problem Statement
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IOT 

Products

Sustainable 

World 

Concern

Technology Scaling

Area

Leakage/Power 

Consumption

Tradeof

f 

Chip view
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6T SRAM cell
SRAM Array
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6T SRAM

Read Operation                                           Write Operation 
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WL : Wordline

BL: Bitline

BLB: Bitline Bar

VDD: Supply Voltage

PU: Pull Up Transistor

PD: Pull Down 

Transistor

PG: Pass Gate 

Transistor
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Function Model

Q QB PG2QB

PD2PD1

PG1

BL BLB

PU1 PU2

VDD

WL

Gnd
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Solution Identification

❑ Physical Contradiction
▪ Two opposite requirement needed on a single 

object.

▪ Object is WL Level.

▪ Requirements are Read and Write operations.

▪ We need WL to be HIGH without any violation in 

write operation.
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Solution Identification

❑ 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.
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Solution Identification

❑ Substance-Field (Su-Field)
•              For Read                      

For Write
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Solution Identification

❑ Building and Destruction of Su-Field  
▪ Try to remove harmful function.

▪ Harmful function             PU1 and PU2 removed.

▪ This result difficult to write on Q node.

•              

234   
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Solution Identification

❑ Building and Destruction of Su-Field  
▪ Introducing modification within boundaries of system.

•                 
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TG: Transmission Gate
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Conclusion

• 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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THANK YOU!
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Up to 45% faster Boosted Latch-type 
Voltage Sense Amplifier (B-LVSA) for Low-

voltage and High-speed SRAMs

Rachit Sharma 
(Indian Institute of Technology, 
Delhi, India) 

Dr. Anuj Grover, and Ajay Shroti
(Indraprastha Institute of Information Technology, 

Delhi, India) 



Outline

• 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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Motivation
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Cause Effect Chain Analysis (1/2)

P = α.f.C.V2

Making devices 
power-efficient 

slows them down!
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Cause Effect Chain Analysis (2/2)
Battery drainage

Touchscreen usage 
consumes power

Wireless features like Wi-Fi, 
Hotspot consume power

Screen ON for extended 
periods Voltage of Operation is High

Low-voltage operation for 
low power consumption

Performance of Memory 
becomes Slow at Low 

Voltages

Sense Amplifier resolution 
time increases

Sense Amplifier offset 
increases

Bitcell read current reduces

Foundry-designed;
cannot be altered

Impact of Mismatch 
increases when resolving 

data

Delay increases at Low 
Voltages

Processor consumes power

+

+
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Processor-Memory Interaction

Memory

Processor

Data bus Address bus
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SRAM Architectural Outline
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M

N

IO (Input-

Output) Unit

Sense

Amplifiers
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• Bitline discharges through bitcell 
which is sensed by the Sense 
Amplifier

SRAM Read Operation
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Sense Amplifier (SA)

+

-

BLT

BLB

ST

SB

• Sense Amplifier is a comparator that
• compares voltage levels of input signals BLT and BLB, and
• generates outputs ST and SB accordingly.

VDDP

VSS

SAE

BLT BLB
ST

N2N1

P1 P2

P3 OUTB P4

N3

SB

OUT
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Function Model of SA

ST QB P4SB

N2N1

P3

BLT BLB

P1 P2
VDDP

SAE

VSS

N3

Discharges

Discharges Discharges

Discharges Discharges

MaintainsCharges

Discharges

Controls Controls

Charges Charges

Maintains

MaintainsDischarges

Component

Product

Supersystem

Useful 
Interaction

Harmful 
Interaction

Insufficient 
Interaction

Controls

Controls

Controls

Controls

Controls
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ARIZ of SA: Substance-Field Resources (SFR)

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

248   



ARIZ: Ideal Final Result (IFR) [1/3]

1. 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.

2. 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.

3. 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]
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 ST/ SB.

5. 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.

6. 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]

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

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

9. BLT/ BLB should discharge P3/ P4 more to quickly discharge ST/ SB.
–  Not possible because BLT/ BLB discharge is dependent on bitcell which is foundry-supplied and 

cannot be altered.

10. SAE should arrive early to speed-up the read path before SA but late to allow BLT/ BLB to 
discharge more and speed-up the read path after SA.
–  Contradiction.
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Proposed B-LVSA: Applying TRIZ Principles
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Circuit

+ve Boost 
Circuit

Sense Amplifier

• Strong oxidants (Boosted interactions)
– Boost sense amplifier supply VDDP
– How? → Negative Bitline Write Assist

• SRAM Write Operation
• Negative Bitline Write Assist

– Used to aid the Write operation
– Uses large capacitance C to generate –ve boost

• Universality
– Resue the large capacitance C to generate +ve boost
– Make this +ve boost the supply of SA
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VOLTAGE (V)

μ Improvement σ Improvement μ+5σ Improvement

Percentage improvement in amplification time with the proposed B-LVSA in 22nm CMOS

1,000 Monte Carlo simulations at SSG, -40°C with MOSCAP width ‘W’μm

Instance configuration Improvement in TCQ

Small 9%

Wide 7%

Tall 7%

Big 6%

Improvement in SRAM TCQ with B-LVSA

(SS, Worst Extraction, Low Voltage, -40°C, 22nm CMOS)

Without 

Supply 

Boost

With 

Supply 

Boost

(B-LVSA)

SB

ST
SAE

SAE
ST

SB

VDDP_SA

SB staying at an intermediate voltage 

level creates contention and delays 

the discharge of ST, thus prolonging 

the SA amplification time

Supply Boost (VDDP_SA) quickly 

pulls up SB and removes the 

contention, leading to a much lesser 

amplification time

(SVT = Standard VT, ULVT = Ultralow VT, μ = Mean, σ = Standard Deviation)

Area Overhead: Less than 1%

Proposed B-LVSA: Outcome
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Overall Gain

• ~8% improvement in 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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THANKS!
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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.
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 2. The streamlined ARIZ Program

• - 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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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 2. The streamlined ARIZ Program

259   

Bước 1

Bước 2

Evaluation, selection, and testing
Step 6

Step 5

Step 4

Step 3

Step 2

Step 1

Generating ideas to resolve contradictions

Stating physical contradictions

Listing direct factors causing physical contradictions

Stating the objective

Understanding the problem
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 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.
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 3. Problem and solution

• Solution:

• 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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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 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 Ion 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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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 3. Problem and solution

• Solution:

• Fig 1. Design and installation of Ion air blowers.
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 4. Results

• - 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.
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

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

Statistics on the number of errors and 
machine downtime after applying TRIZ
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 4. Results

266   

Chart comparing the number of 
errors before and after improvement.

Chart comparing machine downtime 
before and after improvement.
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

• 4. Results

267   

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

Damage 1 minute downtime: 225 $

Amount saved: 2,828.8 minutes x 225 $ = 636,480 $

Productivity improvement efficiency: 4,600 EA/ 1 month

Product value of Lami process: 80 $/ 1 EA

The amount of money saved: 4,600 EA x 80 $ = 368,000 $

Total amount saved (1 month): 

636,480 $ + 368,000 $ = 1,004,480 $
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Using TRIZ to solve adhesion problem in the 

manufacturing process of mobile phone screens

•THANK YOU!
•       Tan Nguyen Minh

•       Hanoi University of Industry

•       Hanoi, Vietnam

•       Email: tannm@haui.edu.vn
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