


How do you solve a problem?

,__-\_/

4 S
N

- \
/

Steel Pipe

From Thinking to Inventing 2141



How do you solve a problem?

Solution g

Trial and error ways
for inventive problem

solving.
The well-known techniques Solution o
for psychological activation.

|/
For instance, PN
brainstorming, #\

morphological analysis,
synectics...
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Problem Solving Methodologies

Method Premise How?

Trigger

Checklist

Focal Object

Morphological
Analysis

Brain Storming

Brainstorming facilitator

brainstorming Analolgy*

Synectics
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Usual Ways to Solve Problem

{1 :
Thermo- t\echanlcalT
dynamics
p
\I?/roblem
Chemical Electrical .and
Magnetic

Effects and Effects and
Technology @
chnology

olution

Trial & Error Methods * Psychological Inertia

. Psychological Skill

From Thinking to Inventing 5/41



Performance using Usual Methodologies

STRONG WEAK STRONG
Identif F lat Devel
ol e e eauae [N

Reliability Market . . . Robust Reliability CAD/
study research QFD Brainstorming Trial-and-Error Design analysis CAM
Neck Concept
1 = Cycle
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Engineering Neck

] (Psychological Inertia)
Q
Q
] (Shortage of Knowledge)
Q
Q Random Idea ldea
N (Wrong Objectives / Directions) j‘ﬂ‘ﬁ
Q . [
Q
L] ( Avoiding Contradictions)
Q Contradiction( ) Trade-off, Compromise
Q Neck Neck
0 /
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Main Problem in Problem Solving Process

Search Here !

—)0
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Altshuller’'s Approaches

Problem i ¢

The Laws of evolution of

.
‘o, 1
*

Engineering Systems "(

Solution
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TRIZ Methodology

B TRIZ
O
O

Q
Inter-Disciplines

|
Q - 1946
O TRIZ : Genrich H. Altshuller
|
Q / ?
Q 2
Q
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TRIZ Overview

‘ TRIZ I

Many Many
Standard Standard
Problems solutions

1 1
2 2
'?' \
/ 3 E
4 4 i
_ : : Analogy &
bstractio o ° Modification
M N

Problem @ . Solution

Overview &

300

Concept

Effectiveness

Applications

: : , Neck
Engineering
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TRIZ Methodology

W Altshuller
World Wide Patents Inventive Patents .
[200,000 ] [40,000 ] Key Findings

* Definition of Inventive Problems
 Levels of Solution

‘ ‘ « Patterns of Evolution
* Regularities of Problem & Solution

e Innovation comes from Other Domain
Effects

Knowledge Source /
/ / Effects

TRIZ

TRIZ Engineering Problem Solving Methodology rooted in TECHNOLOGY not PSYCHOLOGY
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TRIZ Key Findings (1/2)

1. Inventive Problem/Solution

Inventive Problem :
Inventive Solution : Inventive Problem

2. Level of Solution

Level 2

Level 1

LEVEL1:

LEVEL 2 :

LEVEL 3:

LEVEL 4 :

LEVELS5:

Solution

Compromise

/
Essential improvement

New Generation
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TRIZ Key Findings (2/2)

3. Pattern of System Evolution

/

Pattern /

4. Regularity of Invention

Regularity

Pattern

Tool

Pattern

Tool
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Structure of TRIZ Tools

TRIZ [Teoriya Resheniya Izobretatelskih Zadach]

Problem Solving
Techniques

Scientific Effects

Laws of Engineering
System Evolution

B

Principles for
Fngineering Contradiction
Elimination

Standard Solution &
Su-Field Modeling

ARIZ
Neck Algorithm

Principles for
Physical Contradiction

Elimination

Function Analysis &
Trimming Techniques

Patterns of
Engineering System
Evolution

Technology
Forecasting

VE

Psychological Inertia

/

Axioms/ENV Anlysis

.
- -

e
-

-
- -

| Advanced Patents ( / ) I
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TRIZ Process

| Analysis I
Level of TRIZ K/B

Inventive Problem AbStf)fctlon

Problem Solution
Knowledge Model Model
Base
Analytical Laws of
Tools Evolution
Rules
Su-Field Problem Concept
Standard Situation Solution
I > Time
Scientific Problem Description >
Phenomena

Partial Concept >

Conceptual Solutions I — Final Concept)
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Basic Elements in TRIZ

Contradiction

M |deality : ( )

B Contradiction : ( )

B Resource : /
( ' ' ’ )

B System Approach :
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Problem Deployment Scheme using TRIZ

* Principles
» Standards
» Scientific Effects

Level of » Laws of Evolution

Abstraction TRIZ Tools
A

Parameter Design

Problem o
Situation > Time
PS 1 pPs2 Tttt P.S N

Synthesis
Final Concept Solution
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Basic Concept of Contradictions

Administrative Contradiction

Technical Contradiction

2 Parameter
Physical Contradiction
Parameter : Parameter
Technical Contradiction Physical Contradiction

- (A) “ (A) (C)
(B) : (B) (C)

& Control Parameter(C) -
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Elimination of Physical Contradiction

System Parameter C : C

()

TRIZ Physical Contradiction

Separation Principles

Separation in Time
Separation in Space
Separation in Scale (or Between parts & the whole)
Separation upon Condition
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1) Separation in Time

(separation) ?

Pile

Concrete,
wire, &
Dynamite

<a=p\\

i A '\/
o PN L it
Figure I o Figure 13,

Frozen soil
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2) Separation in Space

Ideation Int’l ©
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3) Separation in Scale

System Level ( ), Component Level

( )

Ideation Int’l ©
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Principles for Contradiction Elimination

la:

1b:
Anti-System

1c:
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Elimination of Technical Contradiction

System Parameter A : Parameter B

[" Parameter that gets degraded ]

Contradiction Matrix Table ALTSHULLER'S
. . F— 39 Parameters —————==—
Engineering Parameters (39) CONTRADICTION "
Al TABLE g i -
Inventive Principles (40) 8 8 v 8%
contrad.tif % % g E 8 % ‘b
S 3 spid
(+) £§3g8523¢8¢540%
o 5252253585825
N o6 AIcSwWOl
g T Length of an object [ LT T 1T N
E Speed _ /{l 01 26 gé - C\;S:gyrz,egntatlon
~ Force _ \ 27 40| ] 27 - Cheap Short Living
o) %) 40 - Composites
- E Stress _ N~—"1 | '
kS © Weight of an object /= > 0(\\‘5\
© g Strength (B)E 6* Q& _
s P Temperature ~ G\Q\e A
8 :; Power Q(\S\ (\0“0 \
ts ™ Waste of time (&\@ 00\(\ \
0 Reliability o o | T ]
o Meas. Accuracy - ,\(0(‘\ — [
% Ease of manuf. | | . @6 —
E Complexity | | \6@(\ . —
Q. Etc. | — \L | S 1 | Z
&
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39 Engineering Parameters

1.Weight of moving object ( ) 21.Power ( : )

2.Weight of binding object ( ) 22.Waste of energy ( )

3.Length of moving object ( ) 23.Waste of substance ( )

4.Length of binding object ( ) 24.Loss of information ( )

5.Area of moving object ( ) 25.Waste of time ( )

6.Area of binding object ( ) 26.Amount of substance ( )

7.Volume of moving object ( ) 27.Reliability ( )

8.Volume of binding object ( ) 28.Accuracy of measurement ( )
9.Speed ( : ) 29.Accuracy of manufacturing ( )
10.Force ( ) 30.Harmful factors acting on object (
11.Tension, Pressure, Stress ( : : ) 31.Harmful side effects ( )
12.Shape ( ) 32.Manufacturability (

13.Stability of object ( : ) 33.Convenience of use ( / )
14.Strength ( ) 34.Repairability ( / )
15.Durability of moving object ( ) 35.Adaptability ( )

16.Durability of binding object ( ) 36.Complexity of device ( )
17.Temperature ( ) 37.Complexity of control ( / )
18.Brightness ( ) 38.Level of automation ( )
19.Energy spent by moving object ( )39.Productivity ( )

20.Energy spent by binding object ( )
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=2 £ £ |© = = E B |5 =] 5 = |5 5 =] S ] =] £ = H Bt . : =] 5 ] ] @ E] F
EIE (B 5|5 |28 (5 |5 (3 |2 |28 |8 |8 |5 (3slfg 2 |C|C (%sl¥% |2 2|2 /2|5 |8 |28 |2 |8 |8 2|2 |2|%|381[22/:8/[|%
) i) s 2 b= g = L z L |so|se D z D T e
H = 3 i ]= < B B & |& @ [ gl # |2g|25| & = EREEAES 3 3 5 3 3 & = = =] 5 i il i} =z & |5g| & 2
| Feature to Improve 1 2 3 4 k] 6 7 ] 9 0 11 [ 12 |13 [ 14 |15 |16 | 17 [ 18 |19 | 20 | 21 [ 22 | 23 |24 | 25 |26 | 27 [ 28 | 29 |30 | 3 [ 32 |33 | M |3 [ |37 (3@ | B
Weight of moving ohject 1 — 15,8, [ -l N P [ .2, — 2,08, | 810, 10,36, |10, 14, | 1,35, (28,27, 6§, 34, - 6020, | 1901, 3512, | L 12,38, | 6.2, | 5035, 10024, (10035, | 3,26, | 3,00, |28,27, |28, 34, |22,21, |22, 34, (27,28, | 36,3, | 227, | 29,4, |26, 30, |28, 20, |36, 34, ( 36,3, 1
20,34 38,34 40, 28 15,38 | 18,37 | 37,40 [ 35,40 | 19,39 | 18,40 | 31,35 4,38 32 34, 31 18,31 | 34,19 3. 35 0,28 | 18,31 | 1,27 | 35,20 26,18 | 18,27 (31,30 | 1,36 | 2,24 | 28,11 15,8 [ 36,34 | 20,32 [ 15,10 | 24,37
‘Weight of stationary object| 2| ... L T e N e e e N I L N N N I A N R e R N N N T A NN BRI N ER TR Y ]
20,35 13,2 14,2 18,35 | 10,18 | 29,14 | 1,40 | 10,27 19,8 | 32,22 k& 28,1 | 1822 | 28,15 | 13,30 | 35 35,26 | 18,26 | 8.3 Fd 36,17 | 22,37 | 1,30 t 1,32 |28, 11 E 26,39 | 17,15 k& 15,35
Length of moving object| 3] 805, | ... [ ETRTN I T 17,10, 1.8 | 18 |83, e | 10,15, 8,35, | . 7.2, |4, 15,2, 10,14, 28,32, 10,28, | 1,15, 1,29, 15,28, | 1,28, (1415, [ 119, | 35,1, [17,24, | 14,4, 3
3, 34 4,35 A E R |45 s ae | 18 = 4 e R I N s N R N R N A e R B
Length of stationary ohiect| 4 35,33, | e P RN S L 1,14, [13,14, 39,37, 15,14, [ .. [ 1,40, [ 37,38, 10,28, 30, 79, 15,29, |32, 28, | 2,32, 15,17, 0,14, 4
40,28 10, 2,14 B s s | s e e RENRE s | BT 28 3 w |® Eo i I B B 7.2
Lrea of moving object Bl 2T | men 1415 e - T4, 20,30, (19,30, |10, 15, [ 5, 34, | 11,2, | 3015, 5.3 - 215, |15, 32, toaz| e 19,10, (15,17, {10, 35 30,36 | 26,4 28,30, 0.0 16, 2%, 332 220331702, [ 131, (1517, 15,13, 15,30 1401, | 2,36, | 14,30, (10, 36, 5
0,4 184 7.4 4,34 | 35,2 36,22 | 39,4 [13,39 [40,14 | 18 [mos ] 32,18 30,26 | 2,39 |7 R MEEEN 28,1 | 12,29 |26,24 | 13,16 10,1 | 13 |20,13 | 28,23 | 342
Area of stationary ohject [ - a0, 2, - .7, - — - 1,18, |10, 15, wae | 2,10, |35,30, - 17,7, |10, 14, 10,35, 2,18, |32,36, |26,28, | 2,20, | 27,2, | 22,1, 1,18, | 2,34, 10,14, ]
14, 1% 9.3 35,36 [ 36,37 i - 19, 30 38 . 30 13,39 .18 4,18 [ 40,4 | 40,4 | 32,3 | 18,36 |30,35 | 40 664 " 1518 330,18 = 17.7
Yolume of moving object| 7| 2.8, | ... [1.7.4] L [174] N L e L I O I N T e L e I I o e E o e e T L EE N L R I e N e L 7
29, 40 34 17 38,34 | 36,37 (36,37 | 0.4 | 1,30 | 15,7 | 10,18 n 13,18 | 13,16 | 34,10 | 34,10 T 40,11 Fd 216 | 27,36 | 401 40 30, 12 ) ) 4 16,24 | 2,34
wolume of stationary object| 8] ... [35. 10, XN . | 218, 34,38, [ 9,14, | ... 3534 10,38, 35,18, 2,35, 35,10, |34, 39, |30, 18, 217, .37, 8
114 | 0 2 e L e e A R a0 oo 35,33 s |0 e w1 |ame| ¥ ! VA 10,2
Speed|  9(2,38 | . [1819| e (2990, e [TE | 13,28, [ 6,18, (35,15, [28,38, | 8.3 |30 | famon s e0s, | o [1ess e, foe 10,18, (11,36, (38,32, [10,38, | 1,28, | 3,24, [35,13, 32,28, | 34,2, (15,10, [10, 38, [ 3,34, | oo 9
13,38 34 K 15,19 (32,40 | 12,34 | 1,12 26,13 | 35,5 .2 | 19 |33 6.2 | 19,35 28,38 | 29,38 |27,29 | 1,24 [oz,25 35,22 o, 11| 81 1312|2027 [ 26 | 434 2718
Force (intensty)| 10| 8. 1. |18, 1%, |17, 12, 2810 19,10, 1,18, | 15,9, | 2,36, |13, 33, 18,21, (10, 35, (35,10, |35, 10, 0.2 IS A0 e [1917.] 1016, 19,35, 14,15 8,35, 10,37, | 14,39, | 3,35, |35, 10, |28, 29, | 1,35, [ 13,3, (15,37, | 1,28, | 15,1, |15, 17, |20, 34, |36, 37, 336 3,18, 10
w1 g | 15 |36,37 | 12,37 | 18,37 [ 15,12 1 fa03e| 31 || 1 wo|38,37 (18,37 ] 0.5 36 [18,36 13,31 (23,24 | 37,36 | 0,18 | 36,24 [ 18,1 | 3,36 | 11 |izz0 (1008 0,08 [ 35,37
Stress or pressure | 1) 10,36, | 13,29, |36, 10, | 35,1, |10, 15, |10, 15, | 6,36, 35, 24 6,35, |36, 38, 35,4, 26,33, 918, | 19,3, 3,30, | e [14240 0,36, [ 2,38, (10,36, 3T, 36, (10,14, (10,13, [ 6, 23, 235 2,2, 2.33, | 1,38, m 3 25 18,1, | 2,36, 35, 24 10,14, 11
37,40 | 10,12 36 14,16 | 36, 28 | 36, 37 10 ) ks 21 15,10 | 2,40 | 3,40 7 19,2 10,37 14 5 3,37 4 36 18,36 5 ) a7 7. 18 16 34 a7 ) 36,37
Shape| 12[8. 10, [15, 10, [28, 34, [13, 14, 5, 34, 44 oo o] 15 |35 10, a4, 95, 33,1, |30, 14, |14, 28, iz 14, (13,15, 2.8, aea| 14 |2 R P N e e T O T A O L N R TN T
20,40 | 26,3 54 | 10,7 | 410 15,227 34,18 | 37,40 | 10, 14 18,4 | 10,40 | 9,28 18,32 32 34,14 t 3.4 3,17 ! 18 1 40 2,35 ! 17, 2% 26 t E 1,28 39 32 34,10
Stabilty of abject's composttion|  13{21.35, (26,30, isis [ Lo om0, {428 Jas 06 [0 a8 | 2,38, | 221, oo, [ oan fasr fazs | o fen 4 |azas [ 1e 2, 20 5,27 |15 92 - 15 [z (e | oo foroos |2 oas fas a0, 2,08, [as2a | o o3 as ] 43
2,38 | 140 | 1,58 13 19,38 (35,40 | 28,08 |6 | 40 | s R e A R R A ' 35 a0, 18 |27 [T R R R
Strength| 14| 1.8 |40.36,| 1,156, | 15,14, | 3,34, | 9,40, | 10,15, ] 9,14, | 8,13, |10, 18, | 10,3, |10, 30, |13, 17, 75 35,10 19,35, 5 10, 26, 5 35,28, 48,3, |28, 10, 1.3 3,47, 377 18,35, (19,35, | 11,3, (32,40, |27, 11, | 15,3, [ 2,13, | 27,3, 15 18,34, 14
40,15 27,1 | 8,35 (20,28 40,20 | 28 | 14,7 [17,15 | 26,14 | 3,14 | 13,40 (35,40 | 38 kS : o 25,28 31,40 28,10 | 37 ' 18 i 37,1 | 22,2 |32 |82 | 3 32 28 | 15,.40 10, 14
Duration of action of moving object| 15| 19,5, | ... 3o a| == 317, - 0,2, [ P 19,2, | 19,3, | 14,26, | 13,3, | 27,3, - 3,19, | 18,6, 19,10, 28,37, 10 o, | 3,38, 11,2, 3 3I7, (22015 |21, 7.1, 4| 12,97 29,10, 1,35, | 10,4, 19,28, 510 3517, 15
34, 31 C 19 19,30 T e 27 |38,35 | 35 10 4,35 [ 35,12 35, 38 3 18 8,08 (10,40 | 13 16,40 | 33,38 [ 18,22 |7 ' 7 13 |31 39,35 | " 14, 19
Curstion of action of stationary | 16 6,27, 1,40, 36,34, 30,3 718, 23, 20, 34,27, | 10, 26, 7.1 6,34, | 16
18 10 3 35,3 22 |asm] 1 f 2 |
ohject 19, 16 35 k 34, 2% 13,38 LR R 24 40, 3% ) 8,35 16,38
Temperature| 17|36.22, (22,35, |15, 18, |15, 10, | 3,38, | oo fadaa |0 o f2.20, a5, 10, (26,20, |14, 22, | 1,35, [10,20, |18, 13, {18, 18, 3,30, [ 18, 15, 3,14, (21,17, 21, 38, 35,28, 3,17, |1a.35 faz 0 | fezaa(zoas | o[ 4w f2e |2 [ aer fae2 [15, 28] 7
6,38 32 a 9 39,18 ! 40,18 CTUT)es a0 | 3031 | 18,2 | 19, 32|14 E 36, 40 2,18 | 317 17,25 | 36,38 | 29,31 21,18 | 30,39 | 3,10 24 3.2 | 124 ) ! 18 F 16| 35,31 [ 19,16 k&
Numination intensity| 18| 19,1, | 2,35, 19, 32, 19,32, 2,13, 10,13, |26, 18, 313 32,35, 32,1, |32, 35, 13, 16, 19,1, 1,15, 35,19, 19, 35, (26, 38, 15,17, [ 15,1, | 6,32, 2,36, (225 | 18
32 £ 16 ] 10 19 6 R e 18 R N A R ol s [ B0 g g w1 | m e ] 16
Use of energy by moving object| 1901213, | 0 | s | e 18000 oo (s8] oo e 60 fznoa |13z o3 [ s fas s | fieza e s, e | 8,19, |12, 22, |35, 24, 36,38, 34,23, fio o, [y [ P T I T LT T P e IETE T
28, 31 ' %5 1 ¥ |2 | 2 17,24 9,35 | 6,18 3,14 | 1@ 37,18 [ 15,24 | 18,3 19,18 | 16,18 | 11,27 [ 52 77 w0 Y rrae |z o7 | 7T i 3
Use of energy by stationary obiect| 20| e [ 19,9 | e e e e 7. 4, 15 19,2, | . 18,37, 3035, (10038, 0.2, 19,22, 19,35, 6 20
5,27 ' 0, 18 35,31 18,31 31 3 22,37 | 18 . 18,35 :
Powver| 21| 8. 36, [19, 26, | 1,10 19,38 17,32, | 35,6, | 3006, |15, 34, | 26,2, |22, 10, (29, 14, |36, 32, |26, 10, |19, 35, 16 214, | 16,6, | 16,8, 10,34, |28, 27, 10,18 36,20, | 4,34, (19,24, 32,15, 322 19,22, | 2,36, (26,10, 26,36, | 36,2, (19,17, 20,19, (19,36, [ 28, 2, [28.356.| 21
38| 17,27 | 36,97 ) 13,38 38 5 2 30,3 [ 35 2, 14,31 28 10, 38 17,26 19 19,37 38 13,38 ) 10.8 19283 I ) .z 18 34 10 10,34 34 |30,34 18 17 34
Losz of energy| 22| 15,6, [ 18,8, [7. 2.8, 15w, [ 17,7, | 7. 18, 18, 35, 14,12, 19,38, | 1,13, 35,37, 10,1, [ 7,18, 11,10, 1,22, |21, 38, 35,32, 38,3, .10, 22
6,38, 7 7 6,38 8 2,9 18,10 a2 2,19 7.2 2
19,28 | 12,9 13 17,30 | 30, 18 23 k) 30,6 7 32,15 2,37 37 25 35 Wz | L 1 15,23 20,35
Loss of substance| 23| 35,6, | 35,6, (14,20 10,28, [ 35,2, [10,18, | 1,29, [ 3,30, [10,12, 14,15, 3,36, [20,35, [ 2,14, |35, 28, (38 27, |27, 16, |21, 26, |, [95. 18, (28, 27 |28, 27, fas o7, 15,18, | 6,3, 10,20, 16,34, |35, 10, 33,22, | 10,1, {1534, |32, 38, | 2,35, [15, 10, |35, 10, |35, 18, [35, 10, [28, 35, 23
3,40 (203 0,38 | 24 | 10,30 (3931 (50,36 | a5 28,3 18,40 [ 37,10 | 5.5 [ 30,40 [31,40 | 318 [ 18,3 (a6, 3 | 7 s 12,31 (s | nm 35,10 [ 10,34 | 36,35 | 31,28 24,31 |30, 40 (34,20 | 33 | 2,34 |37 | 2 |msz4|10.13| 1@ |
Loss of information | 24 [ 10, 24, |10, 35, 14,76, 24, 23, [ 10, 28, 22,10, 10, 21, 13,23, 24
25 5 1,26 8 30,26 | 30, 16 2,22 (26,32 0 0 19 0,18 | 19,10 28,22 15 P 2 kA 7,z 35,33 ¥ 15
Loss oftime|  2§|10,20, |10, 30, | 15,2, |30, 24, | 36,4, (10,35, | .5, |35, 16, 0,37, (37,36, | 410, | 35,3, | 29,3, |20, 10, (28, 20, |35, 20, [ 1,19, |35, 38, 1 35,20, 10,5, 35,18, |24, 26, 35,38, 10,30, (24, 34, |24, 36, | 35, 18, |35, 22, |34, 38, | 4,28, | 32,1, 35,28 | 6.2 18,28, (24, 28, 25
37,36 (20,5 | 39 | 194 | 508 [ 17,4 [34,10 32,18 36,5 | 4 [34.17) 33,5 |78, 18 | 28,18 [ 10,16 | 21,18 [ 36,17 | 19,18 10,6 | 18,32 | 10,39 | 78,32 13,16 | 4 |[732|%812| 34 |1m,09 344 (W3] 10 : 7 |m210 38,30
Quantity of substance | 26| 35.6. |27, 26, |20, 14, 15,14, | 2,18, |15, 20, 35,29, |35, 14, | 10, 36, 35,14 5.2, 14,36, 3,35 | 338, | 30T, 34,29, | 3,34, 15 ToA8 | B3, 24,28, |35, 38, 18,2 22 28 35,30 .33 3036, (2001, (26,20, 232, | 16,3 | 3130 | AT, 835 13,20 26
18,31 | 18,35 | 35,18 2 40, 4 20 34, 2% 3 14,3 ) 7 34,10 | 10,40 Ell 39 16,18 a1 5 10,34 | 35 18, 16 8,40 |7 ) 20,31 40,30 | 36,27 | 25,10 | 10,25 2 2710 | 28,18 ) 3,27
Relishilty| 27[ 3.8 | 3.10, | 15,8, [15.20, (17,10, [s2, 35, | 30w, | 2,35, |0, 38, | 6,28, [0, 24, [ 35,1, P R O RTPE- ETIRT SN TR FCIRTIR RTOEC PP TN ETNE 3k, 3, (1,32, |27, 35, 38,2, w17y [ e e nm e |27
10,40 | 8, 3% | 14,4 |28 01 [ 14,16 | 4n 4 | 14,24 [ 24 | 10,z8 | 10,3 | 36,10 16,11 ' 336 | 6,40 | 10 ER A 4 | a0z 1,23 | 1 | 240|408 an | w24 | 1 ] B EE:]
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40 Inventive Principles

1) Division( ) 21) Rushing Through( )

2) Extraction( / ) 22) Turn a Minus into a Plus( )

3) Local Quality( 23) Feedback( )

4) Asymmetry( ) 24) Inserting( )

5) Combinig( ) 25) Self Service( )

6) Universality( ) 26) Copying( )

7) Nesting( / ) 27) Cheap Short Life( )

8) Counterweight( ) 28) Redesigning( )

9) Preliminary Counteraction( )29) Fluid System( )

10) Preliminary Action( 30) Flexible Membranes and Thin Films( )

11) Compensation( ) 31) Porous Materials( )

12) Equipotentiality( ) 32) Changing color( )

13) Reverse( ) 33) Homogeneity( )

14) Sphericity( / ) 34) Rejection and Regeneration( /

15) Degree of Dynamism( 35) Changing Properties( )

16) Excess or Shortage( ) 36) Use of Phase Change( )

17) Change Dimension( 37) Thermal Expansion( )

18) Oscillation( ) 38) Oxidant ( )

19) Periodic Actions( 39) Inert Environment( )

20) Steady Useful Action( )40) Composite Materials( )
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Ex : Helicopter Centrifugal Governor

Ball m Governor
m

Governor

_)Anguhr velocity w

Fixed collar

Cenlrifugal

force m Mass m

Gravitational
force myg

Hﬁllding collar

Ideation Int’l ©
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Solution Procedures

1)
2)
3)
4)
S)
6) 39
/)

8)

Parameter

Parameter

Principle

39

Parameter

(Contradiction Table)

Idea

Principle
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Contradiction Matrix

Contradiction Matrix Table
Parameter
Parameter

TRIZ
40 Inventive Principles

Idea

Technical Contradiction Matrix Solution Procedure

From Thinking to Inventing

Undesired 1 2 |+#s|10|««|38 |39 |
Hesult 3
(Degraded _E -y f_
Feature) = ? §_ ‘
Ig E L] - . E :
Feature Sls = | &
5| = =13
to Improve 3|5 g 3|3
= 'g v 0| &
8,10 h
1 |Weight of moving objec 18,37 |
2 Weight of nonmoving
object
38 |Level of automation
39 | Productivity

i ™y
Proposed Solution Pathways: ;

8 Counterweight
10 Prior action i
18 Mechanical vibration

37 Thermal expansion

N e I
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How does the TRIZ work ?

SR
1
2
3
4
TRIZ Prism _>|5
System 6
Approa .
([ {
(] (]
n m

Inventive Conceptual
Problem Solutions
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Advantages using TRIZ

ldentify Formulate Develop Evaliaic
Problem Problem Concepts

Feasible Concept Solutions

'

TRIZ is not easy way to solution!
But this is efficient way to powerful Solution!

TRIZ is a very complex science!

It is required to spend a lot of time for practice
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2 ; (Cause-Effects )
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Frevemnt or
e 35w m ke ﬂ\
drawhack " Harmful action

Improve the Insufficient use ful
system fumnction rw-eight
Synthesize a _< Insufficient use ful O wverall
new system characteristic Y y_— “Retain the available™
- - rinciple
High aendesired \ Energy » P
kﬁch:ract:nst:c consumption Albhvamndon Syrm e ey
‘< Obhject Reduce the weight of
complexity individual parts
Energy wasted Stremgthen individeal parts
Time wasted Introduce a substance
"k._c"'St Divide imnto "heawvy™ and

“"hght” parts

Use inflatable
constructions

Inmnvert the mobility of parts
COptimize characteristics

Compensate for an object™s
weight

Mowve a heavy object

Retain the useful properties
of a heavy object

ll,.\He_--:l uce system complexity
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Operator: "Abandon Symmetry"

Recommendation:

If an object is symmetrical, consider reducing
its weight by abandoning the symmetry.
Consider, for example, excluding a part of the
object that does not bear the main load.

llustration:

Designing asymmetrical mounts For aesthetic e
reasons, motor and generator mounts are often

designed with symmetrical shapes. But because

the machines rotate, the load on the mounts is i
actually asymmetrical.

To reduce the weight and conserve material,
mounts for non-reversible units should be
designed to support only the loads they must
actually bear.

Ideas Generated:

*Vary the thickness of the ring, reducing the thickness where permissible.
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Operator: "Strengthen Individual Parts"
Recommendation:

Consider strengthening those parts that bear the main load, and also reducing the
weight of the parts that do not bear the main load.

lllustration:
Pump housing made of standard pipe

The housing of a high pressure pump, made from a steel casting, was complicated
in shape. Since cavities and uneven surfaces were frequently found in the casting
(necessitating repairs made by welding), a very thick, heavy casting was used.

The defects were eliminated, and the weight reduced by nearly half, when the
housing was fabricated by welding several pieces together. High-strength rolled
pipe was used for the section that was required to withstand the greatest pressure.

ldeas Generated:
Make a multi-layer ring

*Add "ribs" to a thin ring
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Concept #1: Make the ring thin, but composed of several circular ribs. These ribs can
significantly increase the strength of the ring with a less significant increase in mass.
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Concept #2: Make a multi-layer ring as described by the following: Internal layer made
of a thin steel ring

Intermediate layer to absorb the energy of the fragments, made of:
sradial brush

balls

*honeycomb

External layer to hold the fragment

ssteel pipe

ecoil

stextile or wire needles

From Thinking to Inventing 41741



