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The Purpose of this Research

In order to define each problem and create ideas, “Two types of Redesigned
Contradiction Matrix(RCM)2 as one of effective TRIZ methods for TRIZ
beginners are developed.

The content of the presentation

1. Introduction

2. Defining the real functional requirement
- Mind process
- Task /Functional requirement/Mechanism/ Structure
- Effect of TRIZ application to the mind process
- Rethinking functional requirements

3. Methods to create solutions
- Redesigned Contradiction Matrix1(parameters of performance)
-Redesigned Contradiction Matrix2 (parameters of shape and design)
- Integration of inventive principles

4. Application of two types of redesigned contradiction matrices
- Guideline to use each parameter
-Case studies

5. Conclusion



1. Introduction

*It ‘s hard for TRIZ beginners to use TRIZ as one of problem solving

Background g

. *We would like to introduce highly-valued TRI1Z methods without
What we want to do  any obstacles to master for TRIZ beginners. Through application
- of developed TRI1Z methods to real cases, new TR1Z may become
“innovative problem-solver “,

© *Explanation about how to understand issues
~ The report

We mainly separate way of thanking about product development and
Improvement activities as described below.

1)Stage of thinking about functional characteristic
(Upstream stage of product development)

2)Stage of thinking about shape and design parameters of product
(design stage to embody product)

We developed “Redesigned Integration Matrices” to be suitable for each
stage.




2. Defining the real functional requirement

2-1 Mind process

Figure 1 shows our mind process when
we want to accomplish goal. We call
the tree diagram showing the mind
process the expansion of thoughts
diagram.

The tree diagram proceeds from left to
right in the sequence of task,
functional requirement, mechanism,
and structure.

The diagram can have more than these
4 levels.

Elements to the left express higher
level concepts of purpose or
requirement, whereas, those to the
right show lower level concepts of
method or design solution.

{Figj.
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2-1-1 Task

Task ]

The task expresses what we want to accomplish.
Quality control calls it the Voice of Customer (VOC).

In most cases, the subject of the task is human, like in “(a person) wants
to ... or needs ...”

- VOC is often an abstract concept.

[ Difference between task and problem }

Task is “what is desired” whereas a problem is “what is not desired.”

Task is “something to achieve” and a problem is “something to solve.”

B

As problem in the highest level makes narrow range of ideas, task should
be on this position.




2-1-2 Functional requirement

To accomplish the set task, we now want to invent something.

The abstract task cannot directly lead to an invention.

'~ We need to clarify what function is required for the invention

. which is” functional requirement”.

* A single invention consists of a number of functional requirements.

— By using a tree diagram, like Figure 1, clarifies them.

For functional requirement, the subjective in most cases, is what we
are about to invent.
Example : “(Machine) thatcan...” or
“(Circuit) that is ...”



2-1-3 Mechanism

[ Mechanism ]

Mechanism meets functional requirement.

Setting one mechanism for each functional requirement is ideal, however,
reducing cost or miniaturization may have one mechanism meet
multiple functional requirements, that is to kill two birds with one stone.

Mechanism devised to satisfy one functional requirement often fails to
meet others.

It is rare to satisfy all functional requirements easily.

Selecting mechanism, that is postulating a design solution, can lead to
problems or discrepancies for the first time.




2-1-3 Mechanism

This is the reason for our statement in section “Task™ that task should be
~set to the highest level of requirement instead of “problem™.

= Starting from problem or discrepancy has already postulated the
design solution or method, and would hinder the finding of other design
solutions or methods.

*Working in only the right half of the expansion of thought diagram
narrows the range of idea generation.

While we are working in the mechanism stage, we are merely collecting
parts for the solution.

Once all mechanisms are on the desk, we select good ones to compose the
overall structure.

In other words, a structure is an overall design solution that is well
balanced assembly of mechanisms.



2-2 Effects of TRIZ application to the mind process

Figure 2

Assume we have designed
“Mechanism A to meet Functional
Requirement 1. This Mechanism A,
however, blocks Functional
Requirement 2.

— Contradiction occurs

{Figz. Effective Application of

TRIZ to the Mind Process

}

Task

FR: Functional ReqUife”\]KMech: Mechanisn\g

TRIZ contradiction matrix works well.

The contradiction between functional
requirements 1 and 2, leads us to
select the invention principal using the
contradiction matrix and we can come
up with a new solution, “Mechanism
B”.
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2-3 Rethinking functional requirements

There are, nevertheless, situations when TRIZ does not
solve discrepancies.

- =

We have to spare much efforts when using TRIZ,

In defining the functional requirements, that is in defining
the contradiction.

i

When contradiction is well defined, the odds for solving it
are fairly high.

- We need to rethink the functional requirement 1 and 2 if
they are correct.

10



Example of the functional requirements

Example : I Micro-tweezers |

Task : I “To develop a tipped tool to stack
' 1 micro-meter cubes using a joystick and
viewing with a microscope.” | = Fig.3(a) !

Since the task is to manipulate tiny objects,
tweezers immediately come to mind with
functional requirements of “Pinching (Close
Tips)” and “Releasing (Open Tips).”

Say we built micro-tweezers shown in
Fig.3(b).

These micro-tweezers can close its tips to
hold the cube up, carry it to the target
location, and open its tips, however, cannot
release the cube that gets stuck to a tip.

Fig.3
What iIs the optimum tipped tool

)

~

stage

Two 1m cubes

(a) To develop a tipped tool to stack 1 micro-meter cubes
using a joystick and viewing with a microscope

P

(b) Mechanism A: Micro-tweezers cannot release object

of gravity.

@> When an object size is this small, its surface area to volume ratio is so large that
surface force of sticking or static electricity is much greater than volumetric force

11




Example of the functional requirements( continued )

Example : I Micro-tweezers | ( continued )

Fig.3
We can apply the contradiction matrix in an {What is the optimum tipped tool?}i
effort to resolve the contradiction between (continued)

the 2 functional requirements of “Pinching
(Close Tips)” and “Releasing (Open Tips),”
however, such an effort is highly likely to fail.

\V; Attach

Figure 3(c) shows a design solution to this 0
task.

Separate

It applies voltage to a dielectric bar to hold
the cube with static electricity. Applying

pulses of reverse voltage to the bar will (c) Mechanism B: Dielectric bar attracts and repulses
release the cube.

This design solution has no parts that close
or open.

The functional requirements that we had
first set were misleading.

12



The expansion of thoughts diagram in Figure 4 explains this case

The expansion of thoughts diagram
started as shown in Figure 4(a).

When TRIZ fails to find a solution, we
suggest to rethink the functional
requirements themselves.

Maybe the functional requirements of
Pinching (Close Tips) and Releasing

(Open Tips) are more like methods. How

can we express what we want to
accomplish in higher level concepts?

Fig.4 Rethinking High Level
Functional Requirements
Task \:unctional Re(}@ent Mechanism

Pinch (Cls Tips)

T

Micro-Tweezers ]

Attract

Tipped Tool

Release (Opn Tips)
Dielectric Bar ]

Separate

Repulse

(b) Expansion of Thoughts after Design Modification

Then we realize that the function we really want is the higher level functional
requirement of “To attach the work to the tool and later separate it.”

We then discover that if attaching and separating objects meet the task, then
“Attraction and Repulsion” can suffice our goal. The new functional
requirements of “Attachment and Separation” lead us to realize that the
expressions like close, open, attract or repulse are more like mechanisms

(methods) rather than functional requirements.

13



Furthermore,

iIf we aim at the great invention of optical
tweezers, we have to rethink the first set
task of ““To develop a tipped tool.”

We may not need a tipped tool.
Optical tweezers has no tipped tool.

As we showed in this case the following
strategy proves effective:

If TRIZ cannot find a design solution, go
back to rethink the functional
requirements and the task, reset those
higher level concepts and then reapply
TRIZ to find the design solution.

Fig.4 Figure 4 Rethinking High Level
Functional Requirements

|

Functional
Requirement

Task

\ Mechanism
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Tipped Tool Micro-Tweezers ]
Release (Open Tips)

(a) Expansion of Thoughts before Design Modification

Functional

Task Requirement
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(b) Expansion of Thoughts after Design Modification
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3. How to Create Solution Proposals

Based on “Contradiction Matrix(CM)” with 30 parameters, it’ s usually
utilized solution method to select some appropriate principles from *“40
principles” to create ideas in the way of TRIZ thinking.

It ‘s very tough job for TRIZ beginners to select the most suitable parameter
from 39 on “CM” after analysis of their real problem, even if they define
“Functional Requirement(FR)”.

In particular, it’s very difficult for not only TRIZ beginners but some of
skilled TRIZ practitioners to select an appropriate “improving parameter”
and “worsening parameter “ with selected improving one. Because each
parameter on “CM” has a variety of level of abstraction.

On the other hand, most of them basically don’t understand the difference
between” 1 Segmentation” and “2 Taking Out”, “10 Preliminary Action”
and “11 Beforehand Cushioning” . Because they don’t have enough
knowledge regarding Altshuller’s books. In a word, it looks like “big wall”
to overcome when they try to study TRIZ .

15



3-1 Redesigned Two Types of Contradiction Matrices

[ Upstream stage of product development ]

We have to focus on “Functional Requirement(FR)” regarding system’s
function and each element and define a series of problems regarding
“Functional Features(FF)” .

[ Design stage to embody product 1

We mainly have to focus on the problems (like weight, length, speed, power,
temperature and so on) about concrete means to embody basic design
proposals.

That’s why we have to separate way of thanking about product development
and improvement activities.

*”STEP ” to consider “Functional Features” on “CM1”

* ”STEP” to consider “Concrete Design” on”CM2”

Two types “CM” makes easier to select a pair of appropriate parameters.




3-1-1 Redesigned Contradiction Matrix1(RCM1)
(Parameter regarding Performance)

In the case of consideration about Functional Requirement of system’s
function and each element like reliability, harmful effect, maintainability and
soon, we recommend TRIZ practitioners apply “RCML1” at first.

. “RCML1” shows 13 parameters (F1-F13) focusing on “Functional Features”
. from 39 defined by Altshuller based on reconstruction work. ’

Integrated parameters on “RCM1” acts as a guide to grasp roots of the
. problems easily and reach “applicable principles” finally. |

Number between “Improving Parameter” and “Worsening Parameter
"on ”"RCM 1" shows “Inventive Principle” and each number means “New
Inventive principle”.

B1 to B4 show “Separation Principle s” for “Physical Contradiction(PC)”.
*B1: Separation in Time
*B2: Separation in Space
*B3: Separation Between a whole system and its parts
*B4: Separation in Situation

17



Tablel Redesigned Contradiction Matrixl (Parameter regarding performance):RCM1

W . Performance
orsening
Feature Reliability /Precision 'E?;:;il Operability /Durability Manufacturabilit; Amount/Loss
Manufactura Amount Amount Amount
- Reliability | Precision | Harmful 1 qoe apiiy | Contrel | Maintenance | Adaptability| p, oy | g /Loss /Less |/l oss
Improveing Y Effects Y| Complexity | /Repairability| /Versatility Y P Y of of 4
Feature roductivity Substance | Information of Time
F1 F2 F3 F4 F5 F6 F7 Fs Fo F10 F11 Fi2
- B1.B2, 3.10, 27351, | 27.17.40, 1335, | 135325, 20,26,40 3,
Reliabiity |Reliability F1 | Bopa 221 2026 o 274026 | 1101335 | 1,00 | o aeuo | 1352624 | U 1026 10304
Precisio 262422, | 1.1317,34, 13,13,10, 263, |26,352515,| 1,263.30, 24,34,26,
, Precision F2 ngg' %ygﬁ 1035333, | 3.23.26, 2%54 252735 | 13351 | 27.4010, | 1.13.17.34 | 10,1631, ‘ik%%§§7 315
' ' 41734 | 103415 ' 34.26.15 24 3,23 3504 | 2H20
Harmful |, 2724 | 263323 | pipy | 1252604 | 221526 1 3510122 | .5, 122353326,|,, 45,5, (35332631, ,)40 | 35534
perm Harmful Effects | F3 [ 2/ 310,15, 5 b coooet | 40120 | 152640, | DI | 3117140, | 24122 34102 | 220 s
40, 41734 : 3 27, 31 ’ 20,24,16 151 454010 26, :
19712 | 2513134 [ o [ B1B2B3, 122613, | 341, 26,312, 1512, [ 1235263, , 0,7 | 42610
Operability Fa || o2t | 33523 ows | BA13412, | 342725 | 25173513, 16274, | 25116, 2613, | 1241310, | S1027 | 342435,
1031 96,1015 ' 32613 24,10 35 10 35, 155 39, 30
Control 27,40, 22,1526, B1B2, | 122635, 152625 | 526,10, | 3272615, | 353327, | 1526,
Operabilit|Complexity FS | 9612 | 26243 120 153420 | papy 10, 1.35 24,35 35,15 11024 22 310
(6]
S v . 102131, | 35101 112,26 B1,82B3 10,26 13510, | 2.26,1025
€ | urabilt ys;"t:’r‘:g‘l’: F6 261?:;55 26,3425, | 16,22,15, | 27,1024, 352';0' B4, 7'21643;;6' 27,4, 27,26,13,3, | 13,3,27,35, | 3,9,13,26,1 32;212
% ., u pairabiiity e 24,3 26,40, 34,35, 35,1,13,10, e 35,1 12,17, 34, ”
5 Adaptability/ 35,13, 35,10, 341,16, 116,74, | BIB2 13.1, 11331, | 33510,
o Versatility F7| 1224 | 395110 3,31 27,35 1 35,26, B3B4 35.16 3526, 113 |73102637 3526
- 10113, 1 5 1026,24, | 223533 | 12971, | 152624, | 261027, | 135, Big2, | 271435 | 3351040, 20,10,26
Durability Fg | 3427, | %02k 2617140, [ 1225 | 2202  h 5 Bipa | 1017.1415(312627,15| 10 e
26,40 16, 20,24,16 ' 2934, 4 ' ' 20,1624 16,24 '
N 51316, 26,10, 35.1.10, 271435 | B1.B2B3, | 3523124, | 32415
Manwmxugaﬁrﬁﬁﬁﬂab”“y' FO féﬁi 232}2;%' zggf?' 126710, | 13515, | 3252726, ;;;é 161015, | B4351,10,| 3433 | 16,1335, %iﬁf
rocuctivity ' oHheD, ' 12,35, 27, 12,17.24 <0 20,24 26,24 26,10 23 :
15,326, |3,1,26,33,30 35.33.26,31,| 3526,10, | 32726, | 131025, 3351040, | 26.1,3527, | B1,B2,83,
A;";“t’)‘tf'-:ss F10| 4010, | 163431, | 34024, | 25123, 1535, | 132735 351'8?6' 3126,2715,| 13334, B4, 24.26,35 351’241'55'
Amount of substance 24,35 35,1024 | 30,101,34, | 124,15 10,13 34,2624 : 16,24 33,1023 | 26.3,10,24 '
/Loss Amount/Loss 2517371, | 22,101, 313, B1.B2, | 2426,
e |F11] 102623 | %0050 o0 27.22,35 3533 | 21017,13, | 245259 10 pias | 242635 | pagd ;
Amount/Loss 243426, | 351534, | 4261034 | 1526, 31,10, 20,1026, 352415 | 2426, | B1B2,
of Time |7 12| 10304 315 22.24 94 35,30 310 26, 3526 1516 | 39263441 "5 10, 3 B3.B4
34.23.16,15
1.35,26,27 35.24,15 23,16,15, 35,24
15,20,10, 392621, 1 45 a5 2419, 1 351715, | 3517, 26,35, 335317, 24,
[Energy F13| 75505 | 31 1022, o 16253, | jeou o | Tate i 1426 | oonh | 1s10 | 1500,
1520 23 P 37

( We arranged it on the basis of a contradiction matrix of Altshuller?® again.

\

The part of F11 referred to

Matrix20039.)
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3-1-2 Redesigned Contradiction Matrix2 (RCM2)
(Parameter regarding Shape & Design)

[ Design stage to embody product ]

We have to pick up “contradictions® focusing on shape and design parameters

like weight, length, speed, power, temperature and so on.

Let us give you for instance,

In order to solve the contradiction

About “Improving strength” VS “Worsening Weight”, please use “table 2”

Number between “Improving Parameter” and “Worsening Parameter

""on ”"RCM 2” shows “Inventive Principle” and each number means “New
Inventive principle” like “RCM1”.

B1 to B4 show “Separation Principle s” for “Physical Contradiction(PC)”.
*B1: Separation in Time
*B2: Separation in Space

*B3: Separation Between a whole system and its parts
*B4: Separation in Situation

19



3-1-2 Redesigned Contradiction Matrix2 RCM?2
(Parameter regarding shape & design)
Worsening Weight Length Area Volume Stress N
Feature of of of of Speed /'II:'Z:cze or Shape | Strength | Temperature III;JnTlezas?con
, Object Object Object Object 9 Pressure Y
Improveing
Feature D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11
1512, | 26,17.24, 101435, | 2627, 26,20, 4,
Weight of Object | D1 g‘égi' 26,34, 34,35, 2565;';‘2* 115*1224* }g;g }ggg?g 40,13, | 1540, 2415, 1355;*
' 10,135 | 30,13,1 | 272 ’ o 0 26,14 1,10 3,22 '
1517 717, 4 11210, | 12,35
. 121526, B1,B2 A 2L 434, | 17,10 1,12 et 9, 10,15, 3
Length of Object | D2 [[.5 . 242 =% 4,7, 35,12, *’ e 15 1961314,| 26,34, 29 3,25
343540 B3B4 (040 e 12 4,26, 35,14 i 1514 35,24,
117.26.| 1415 4
. 1 1,28, 19 % 1 B1B2. 714, | 2630, | 1530, 1015, 534, 331, 1,15,16, 15,3,
Area of Object | D3 1443105 53'274' B3B4 | 17.4 | 434 | 351 | 3526 | 264 | 4014 35,24 13
12640, | 1,7, 4 342470
. 20AY,  fr 1,7 B1B2 | 26, 4 26,35 11526, | 10,14,15 <% 10 1,13
Volume of Object | D4 || 35,10, 35,15, o D&, 11535 1, o9, 120, 11U 14 19, 15,35, '3,
214 A 1y 417 B3B4 | 2434 24 4,735 717 o 10
1,26, 1314, 26,30, 726, | B1B2, | 1326, 26,15, 12,3, 26,30, 10,13,
Speed D3 | 1304 12 34 34 B3,B4 15, o440 3919341 1644 35, 1 15
Force/Toraue o |12 135, 171510, | 1510, | 1510, | 1326, | B1B2, 15,20, 1035, | 35,10, 35,10,
q 1513.26| 35,26, 135 | 12351 | 1512 | B3B4 10 40,34 14.27 20
10,3540,| 3510,1, | 1015 | 26,35, B1,B2, 35,4, | 1015, 35,24,
Stress or Pressure | D7 || 595451 1416 3525 | 1024 | 2635 | 3520 | maps | {510 3.40 15 1
Shape D8 ;g'lg' zf*13;'12' 5,34, 1‘;'24';5' 3515 | 3510, | 3415 | B1B2 | 3014, 22,14, 13.15,
5 3 0.7 410 35 34, 40 10,14 B3B4 | 1040 15 3 3
1,1240| 11512, | 33440, | 10,1514,| 12,13, | 10,15, 10, 3, 10,30, | B1,B2, 30,10,
Strength D9 |l1596.27| 351426 | 26.10, 717 | 26,14 3,14 15,40 3540 | B3B4 40 35,15
34.94
35,22, 3,35, <t 1 126, | 35,10, 35,24, 1422, | 10,30, B1,B2, 3,30,
Temperature D10}l 5943|1910 | 9415, 3450'2165;1 3530 | 320 15, 1 15.3 | 2240 B384 20,16
lllumination 15,1, 15, 3, 15, 3, 113, | 10,13, | 26,15, B1,B2,
Intensity DI} 435 16 26 10 15 330 | 3515 33515, B384

( We arranged it on the basis of a contradiction matrix of Altshuller? again.)
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Table3.

Integration of Inventive

Principles

Inventive principles originally
consist of 40. But it’s very
difficult for TRIZ beginners to
understand and master them.

Integration of Inventive
principles with similar
meanings

_______________________________________________________

_____________________________________________________

New New Inventive 40 Inventive
No. Principles(25) Principles
A method 1 Segmentation/Separation L Segmen.tatlon -
2|Separation/Taking out
of the . -
+ 5 Merging 5|Merging
seementar 31" Nested doll” 7" Nested doll”
tion/sepa - -
. 6 |Universality
ration
and o 26| Substitution
combinati 26 Substitution* Replacement 28 Rep|acement of mechanical
on system
29|Pneumatics and hydraulics
A change 4 Asymmetry 4| Asymmetry
of the 14 |Curvature 14|Curvature
shape 17 |Another Dimension 17|Another dimension
9|Preliminary anti—action
10 |Preliminary action 10|Preliminary action
A change 11|Beforehand cushioning
of the 13 |“The other way round” 13|”The other way round”
viewpoint 16 |About 16| About
and 23 |Feedback 23|Feedback
thought 25 |Self-service 25|Self-service
27 |"Cheap Short-living Objects” | 27|”Cheap short-living objects”
22 |”Blessing in Disguise” 22|”Blessing in disguise”
34 |Discarding and Recovering 34|Discarding and recovering
3 Local Quality 3|Local quality
A 32|Color changes
change . -
31 Porous materials 31|Porous materials
of the - - - :
materials 40 |[Composite Materials 40|Composite materials
30 [|Flexible Shells and Thin Film 30|Flexible shells and thin films
33 |Homogeneity 33|Homogeneity
. . 8|Weight Compensation
12 |Equipotentiality 12 |Equipotentiality
A change —
15|Dynamization
of how i ) : . -
to give 15 |Vibration 18 |Mechanical vibration
energy ;g Zerlgdlc.tactlon
- ontinuity
20 |Continuity 21| Skipping
A change 35|Parameter changes
of the 35 |Parameter changes 36|Phase transitions
37| Thermal expansion
state and -
character 24 |Intermediary
.. 24 |Intermediary 38|Strong Oxydants
Istic
39|Inert atmosphere

21



4. Application of Redesigned Contradiction Matrices(RCM)

4-1 Guide to Use Parameters on Matrix 1 (for reference)

About how to use “RCM”

We show the guide(see table4) regarding “F1-
F13(parameters)” on “RCM1” with some examples about
mechanics, electronics, software, chemistry, and business
field as typical usage fields because of difficulty to select
appropriate parameter from RCM1(see tablel).

We are going to omit explanation about ‘“shape &
design parameters” on “RCMZ2” because of easiness to
understand each parameter content.

22



Table4. Guide to Use Parameters[F1-F13] (about Performance)

Common

Mechanical

Electric

Software/
Information system

Chemical

[Ability of processing aimed function. |[Fewness of the trouble. Fewness |Noise characteristics—resistant. Fewness of the bug. Stability/instability of materials.
o Reliability F1 of the unevenness of the Fewness of the malfunction. Stable data handling.
Reliability movement.
/Precision The degree of the accuracy. Processing precision Electric processing precision. Fewness of the data Vice-reaction.
Precision F2||The degree that the work of the Measurement precision. handling error.
system is equal to a demand. [Assembling precision.
Affectability of harmful influence from||Fever. Noise. Vibration, Electric shock. Outbreak of the Amount of the mistake of |Stability for the temperature or
the system outside or inside. Harmful product. electromagnetic noise. Bad the data handling. environment(Robustness).
Harmful Degree that a system has harmful influence to the human body. Tolerance for the attack |Problem of the harmful thing
Effects Harmful Effects F3 influence to the system outside. from the outside. generation by the process of
(Include a problem to the Evil to others with the manufacture.
environment.) processing. The toxic substance which rises from
The usability of the user. Usability. Simple operation. Base layout. Plainness of UL Easiness of the processing(surface
Operability F4 |[Degree and a range of the automation||Operation to understand The number of input treatment).
to function without human operation. |lintuitively. operation.
Complexity in a process to perform to[Numerousness of the preparation |Speed of the transaction. Simplicity of the Temperature in the reaction and
Control i F5 ||make it the output, the state that in machine tools algorithm. complexity of the control of time.
Complexity matched a purpose. Little processing step Complexity of the handling of surface
Complexity of the system and ease of[Complexity of the system. Number |Complexity of the system. Number |Easiness for a bug. Easiness such as washing
o Operabilit ) the repair. of components. of components. Independence degree of |characteristics.
e ly Maintenance F6 [|(Include the number of element /  |[Resolvability and simplicity of the [Resolvability and simplicity of the ~[the module. Easiness of adhesion.
g /Repairability parts and the number of interaction [[part exchange. part exchange. Number of modules.
5 |/Durabilit between element and part.) Maintenance is free. Maintenance is free. Number of 10 parameters,
E y Difference of the condition that can |[Flattery characteristics for an Compliance for the input signal. Adaptability to the Adaptability with the adjacent thing.
o Adaptability/ £7 really happen. external factor. Adaptability to a wide range. condition change.
Versatility Compliance for the change. [Adaptability for many kinds. Adaptability to different
|IFlexibility of the use. terms of use.
Time before system breaking down. [[Time before a system breaking Time before a system breaking Time before breaking Strength of materials.
o Toughness for the condition to down. down. down. Easiness of deterioration.
Durability F8 change during a long term. Stability for the external Stability for the external Tolerance of terms of
factor(Robustness). factor(Robustness). use to change for long
- Easiness of the production and the Easiness of making of of the Base layout. Easiness of assembling of|Easiness of making of.
Manufacturs Manufagtgrablllty, FQ ||degree of a useful function to carry |[system. The quantity of the Assembling characteristics of the module. Number of the steps of the reaction.
Productivity out in time. product. system BOX. Algorithm that it is easy
Number of element of the system, Number of parts constituting a Number of electronic parts or Quantity of a necessary |Number of kinds of the constitution
Amount/Loss F1 Jthe parts and a loss / waste. system electric parts. resource. compound.
of Substance Waste. Quantity or change of the density.
Quantity of the signal to treat and a ||[Mechanical reply. Signal. Electric current and quantity of Having a large quantity of| The change of the color.
Amount Amount/Loss F11 loss / waste. decrement of the voltage. processing data or not Optically—transparent degree.
/Loss of Information Reply speed by the digital circuit. |Kind and number to treat
of data and parameters.
Operating time and degree of the Operating time of the system. Time to start. Handling of data time Time before reaching enough quantity
Amount/Loss F14 non—efficiency(ex.waiting time) . Setup time for system delay. Time to the end. of solidification and the coherency.
of Time Waiting time. Handling of electrical signal delay
Production baton time time
Energy and the use efficiency to use ||Energy consumption in the system.[The decrement of the input electric|Energy and efficiency Energy consumption in the system and
when a system or an element does ||Conversion efficiency current. that a resource uses. conversion efficiency.
Energy F 1 3useful action. Conversion efficiency. Energy outbreak efficiency.

Supplement efficiency of the Light or
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4-2 Examples of the Application

4-2-1 Case Example 1 :cleaner

[. Case Examplel ]

By increasing suction power of cleaner

We try to solve the contradiction with “A:improving suction power” VS
“B:worsening pick up power of trash on the floor “

B To apply RCM1(see table 1)

A :Improving parameter F10:mass of material

B:Worsenning parameterF4:easiness of operation

New inventive principle

I

35, 26, 10, 25, 12 31
1,24,15 |

We want to describe some ideas(see next slide) we create by using selected

inventive principles.
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Case Example 1 :cleaner

New Inventive Principles Idea

35.Parameter Change

*look for other parameters(like flow rate and current speed) to increase suction power
>>>>Please move to “RCM?2”.

26. Substitution
*Utilize gas fluid but air *cleaner based on magnetic attractive force
*cleaner based on static electricity *combined application of water

10. Preliminary action

*Control the balance between suction Power and mobility after memorization of
situation on floor in the house *Buoy dust by blowing before suction

25.Self-Service
*automatic running cleaner
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12. Equipotentiality (balance)

* being reversed with negative pressure>>>>making back-flow in interior portion of
cleaner based on the airstream in the upper side of cleaner

*Generate atmospheric pressure in the lower side of cleaner (making blowing unit)

3.Local Quality
*change the air flow based on the location
*change the air flow according to the quantity of dust

1.Segmentation
*making the flow like nervation

24.Intermediary
* usage of roller made of adsorptive material

15. Vibration (Dynamization)

* decrease suction power a little for a moment when cleaner’s nozzle stick to the floor
by strong suction power
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“Improving suction power of cleaner”

About Contradiction “A:We want to absorb dust efficiently” VS
“B :Cleaner’s nozzle stick to the floor by suction power ”

B In the case of Altshuller’s matrix table

_ Inventive principle
A>>>> “26 Amount of substance™ is selected }

395, 29, 10, 25

B>>>> "33 Convenience of use” is selected

35,10 and 25 is extracted from RCM1 too and 29 is organized to new
principle 26 on RCM1.

However, other principles(12,3,1,24,15) are not in RCML. Therefore we
can’t see these principles if we use conventional matrix table. That is to say,
This table (RCML1) is very useful when we create a lot of ideas extensively

In particular, Cleaner with air cycle system focusing on decreasing
emission and controlling suction power has been produced on a commercial
basis . New cleaner (TOSHIBA VC-Z57) was developed by utilizing
12.Equipotentiality (balance) .
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Case Example 2: lithium ion battery

[. Case Example2 J _____________________________________________________________________________________________________ :

We try to solve the contradiction with “A:improving high voltage and
great capacity of battery” VS “B:worsenning deterioration of electrode

Pointl “A: Reliability” VS “B:Durability”

Point2 ” A:Energetic performance” VS ”B: Amount of substance

B Application of RCMI(see table 1) from pointl o Inventive orinciple
Feature to improve A F1.Reliability }
Undesired Result B F8.Durability

B By using Altshuller’s CM Inventive principle

1,35,3,25,34,27,26,40

Feature to improve A 27.Reliability } 2353 25
Undesired Result B 15.Durability

Inventive principle 2 at Altshuller’s CM is same to new inventive
principlel(see table3) at RCM1. But we can’t see 34 of new inventive principle
(Discarding and Recovering).

1

il
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B Application of RCM1(see table 1) from point 2
New Inventive principle

Feature to improve A F13. Energetic performance 3493 16.15.3.35.31 7
Undesired Result B F10.Amount of substance 25,5,26,27,1

B By using Altshuller’s
CM

non-moving object 3.35,31

Feature to improve A 20.Energy spent by } Inventive principle

Undesired Result B 26.Amount of substance

We can’t see 23 of new inventive principle (Feedback).

In order to keep unchangeable basic structure
34:Discarding and Recovering of electrode by discharge and charge, it should
be utilize transition metal oxide installed
lithium ion as a negative electrode

23-Eeedback In order to prevent change of negative electrode, it should be |

supplied “what has changed”.

29




5. Conclusion

All engineers working at any place have any problems to solve by
applying many different methods. Therefore, we need to use “TRIZ” as
“a highly-valued method” to get effective solutions without spending
wasteful time.

On the other hand, TRIZ beginners face “Chinese Wall”” to master TRIZ
methodology. In order to overcome this wall(obstacle),they have to define
“problems to solve™ at first.

We selected “Contradiction Matrix (CM)” to define and solve problems
because of the most understandable method for TRIZ beginners in TRIZ
field.

That is why we developed “two types of Redesigned Contradiction
Matrix(RCM)” for TRIZ beginners as previously explained.

TRIZ beginners should use “Two Types of RCM” based on “Step by Step
thinking”.

We hope that many TRIZ beginners actively use “developed RCM” to
overcome “Chinese Wall”.
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