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forsion rsional stress measurements in rod
o ==
J.'_l' E - O'I - Effecte> 4 F \n sdvantages Referanass Bas Ao
M fwial @
,E’P-I' -8 Eddy ¢ Optical rad|at|gn IRl ermine a stress in a rod accurately and simply
-4 Forced
& Increa
48] Moire 1 used to determine the axial and torsional stresses applied to a rod (for instance,|
| Momel +optical method is based on the interaction between a light beam and the rod
-48] Periodi illuminates the rod before it undergoes axial or torsional stresses. This beam is
%) Shear Diffraction pattern nce. Then the rod is stressed. Geometrical changes that occur in the rod
-48] Thickn iz modified bearn is compared to the reference beam. The axial and torsional
-] Torsiol ‘e computed, according to Hook's law and the Poisson ratio
v Torsiol
-48] Torgiol
& Tarsiol tthod computes experimentally the inner stresses
48] Torgiol curate
Al‘gxl' Effect v] Torsiol mple
'?'7} = -] [User|
Copyright () Invention Machine Corporation, 1997 - 2002 9B; Eslinger, et al; Mov. 4, 1997 2F ethod and apparatus for measuring axial
and torsional loads on a valve stem? Westmghuuse Elecmc Corporation.
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(Introductlon of a new substance into an object)

{ 0 =lEx
J File Edit Yew Tools Mavigator Database Help == E”E-’i_. &
o melo~|0|[f48 |7
Browse the Recornmendations list Problem: How to imorove action [increse | of [friction | on [pavemnent |7
@ Transform | ,é], Measure I
[vIDetailed R Object 1 Chject 2 &
- Infroduction:: new substances |+ O i-\ : O i-\ : O + : O E: O
- @anternal I I I
into fricti b .
© !nto il . Tuo hict el adi P Adite t the Aaditive between
o into pavemen . .
10 objects emal addilve Mmal adarive enviiranment the UbjECTS
ﬂi@QExterna\
o omlo friction Example: Automobile wheel
< onto pavement Forazive Add
addition tread '\

Dépolmo the environment
1 Between the objects
= Infroduction:: maodified substance

@lb@lmemal Object 2 Road . “Wheel for 3
o into friction Safety wheel slippery road with 3 mad Cross-country wheel
UL (IR An automobile wheel is a rigid im on which a rubber tire filled with a compressed air is mounted, Such a wheel cushions
ﬁl{;QExterna\ properly enabling a car to develop a high speed.
o onto friction o . ) o . n 0
& metal disk s mounted inside the tire, When punctured, the tire is not dismounted and a vehicle moves stably, raffic
; onto pavernent safety improves,
Lode th, :
| | ketal chains or special bands are mounted on the wheel, They prevent the wheel from spinning on a slippery road, Such
Examples wheels have a good grip with the road, Off-road capacity improves,

An abrasive material is fed onto the road in front of wheels, & good road-wheel grip is provided and spinning is avoided,
Qff-road capacity improves,

Y Arc welding
[ Compaosition for rejuvenating of fry!
[ Cutting britle material

[ Driven disk

[[ Dry—etching plasma

[T Firefighting

[ Forming nap on thermoplastic mat
[ Improved air cooling

A continuous tread is provided between a wheel and a road. It uniformly presses against the ground and wheels roll
along its inner surface. The tread exers low pressure on the ground a has a high cross-country capability,
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(Space Segmentation : Introduction Voids)

0 =18l
J File Edit Wiew Tools Navigator Database Help ?EEEQJ'
|Dedgr|y|smrlox0|[fsa s o
Browse the Recommendations list Problem: How to improve action [increse | of [friction | on [pavernent |7
‘EI Transform | 24 Measure ] $4 44
[v|Detailed Recommendations
b Introduction:: new substances |+ 5 @ @ W ”"
+ Introduction:: modified substance -
b Introduction:: voids . . . TTTTTT
v Introduction:: fields F— Sl,rstem. uith Sl,flstem wrth Lapilany and §yﬂem .wrtllm
+ Mona-bi-poly:: similar objects 3 cavity multiple cavities paraus system active capillanes
v Maono-bi-paly:: various objects Example: Automobile tire

-

Segmentation:: substances

Segmentation:! space
Segmentation:: surface
Searnentation:: flow

Coordination:: dynamism i i i . Atire with 3

v v -

5

Solid tire Tube tire Mufti-tuba tire Faraus tire
v Coordination:! thythm heat pipe
EiCtardinaton faction Solid tires do not have hollows in them, Such tires are reliable, but heavw, and are not easily damped, Much material is
+ Coordination:: control | needed for their tabrication,
+ Geometric Evolution:: dimensions
X o & cavity is provided inside the tire filled with & compressed air. They feature good damping capability. Less material is
+ Geometric Evolution:: linear used far their fabrication. & high speed is reached using a pneumatic tires,
e Coimlibinm s muk
| | Several separate tubes are provided inside a tire filled with a compressed air, YWhen one of the tubes is punctured the
Examples vehicle moves on the remaining ones. Such tires are reliable, but difficult to fabricate,
/" Brick o ) ' ) ) :
Rtornnhile fire 4 porous tire is made of the foamed material. Such a fire features good damping properties and is puncture-proof,
Iron base plate . . A A b Fendf en
s p An inner surface of a tire is made porous, the pores contain a readily evaporating liguid, The liguid evaporates and

./ Bemiconductor crystal radiative cools removes heat from the tire tread. Tire durahility and reliahility increases.
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[ “ Parameter that gets degraded ” ]

———- 39 Parameters —

2=(TRIZ) W =

Altshuller?] Contradiction Matrix

8 g Original TRIZ
o) o) > .
: ° . g E3 407He] WY Aals TN, AN
=] = © X
G E < © 5 = § IS - Segmentation 26 — Copying
£5 .yEB8 525 40 . ,
) 22 0828 €e:z8 8 3 o 27 — Cheap shot Living 40 — Composites
R O Q o = ; s © O ; ] s b5
() ) D - Qo o L
§ Length of an object |=—
o Speed| |=— . ‘
£ Force — C TechOptimizer
2 3 Stress — {01 26 ) ’ AHHOL7{0| E= 4= o
E | D weight of an object \27 40/ ' THIEAS| 2519} Ao0] E-I:I- Cte
§ | 5 weig j \ 5t P! ok2 MIAIR
= Strength ne \
g o Temperature _—
=1 2 Power —_
= “ Waste of time _—
j -
I Reliablility - /
()
£ Meas. Accuracy - \ Sajx oA =74 HE
g Ease of manuf. " So¥ Ex= o2 2d
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. 2X10|= 2H|2] 2AH| « NH™E EH|7} 228 0f|L{X]

- IXE 2H|2] 2A - S (Power)

. 2Z10|= 2/|9] 20| - Ofiix|2] 'LH| (Waste of energy)

- IXE 2H|o] 20| - E& 2| UH| (Waste of substance)

. 2E0|= 2H|o| MM « 32| &4l (Loss of information)

- IME SH|o] M - A|Zte| | (Waste of time)

. 2Z10|= 25|2] £ - E&2| & (Amount of substance)

- IYE g4l 2ol - IZ1d (Reliability)

. &5 (Speed) - £32| =Y (Accuracy of measurement)
. & (Force)  HiZ2| M2t (Accuracy of manufacturing)
« Ot&d (Pressure) i %?‘"9" = &Zsl= olist 221

. 39} (Shape) - 7oll8t £ (Harmful side effects)

- 27| A (Stability of object) * MES0I (Manufacturability)

. ZtE (Strength) - AI2E2|Y (Convenience of use)

. 2Z10|= 2H|Q] L47E o 22|7}=4M (Repairability)

- Y& 2ol Lh7= - 24 (Adaptability)

. 25 (Temperature) - ZX|2] BEM (Complexity of device)

. 87| (Brightness) - =H2| 54 (Complexity of control)

. 2310|= EX7F 225 LK « X}S352] A= (Level of automation)

« MAM (Productivity)
KAIST omputer Aided NEt Shape Manufacturing EANESWU
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1 2435} (Parameter changes) 21 EFA A (Spheroidality)
2 AP Z=H|Z=A (Prior action) 22 R3llE 0|2 (Convert harm into benefit)
3 28t (Segmentation) 23 2&4 & (Inert environment)
4 7| A&} AlARE2| CHA| 24 H|CHZE! (Asymmetry)
5 22| (Extraction) 25 oI5t HZEoLt gf2 =
6 %M (Flexibility) 26 W2 (Thermal expansion)
7 F7|1™ =X (Periodic action) 27 MENZFI0| (Phase transitions)
8 7|/ ZIS (Mechanical vibration) 28 M AMH|A (Self-service)
9 MM S} (Color changes) 29 AIM 2S5 XX (Beforehand cushioning)
10 gkH (Inversion) 30 C}=2M 2% (Porous materials)
11 CHAI=CE (Copying) 31 At ASHAI2] 012 (Use strong oxidizers)
12 Z2AE3E (Local quality) 32 ™3&xE (Counterweight)

13 2Z|EZE (Cheap short-living objects) 33 88l (Merging) - A|Z}, 32t
14 3¢ & =2t (Pneumatics and hydraulics)34 E747| (Nesting)

15 H|7| EE= 57 (Discarding and recoverindd5 ZdL{5l7| (Skipping)

16 =X 5= (Partial or excessive action) 36 I|=4 (Feedback)

17 ES&l72 (Composite materials) 37 =0|&X| (Equipotentiality)

18 =ZH|7HE (Intermediary) 38 S& M (Homogeneity)

19 C}E x1 (Another dimension) 39 A o|2k =X (Preliminary anti-action)
20 H&M (Universality) 40 8t =X2| XI5
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v M5t 5t £

: Stress Or Pressure

<=

| Iy v 0|2 oI5} 2t8}El= S4 : Shape
: d | .v 22 HEZA 23
g & 2
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5 § v Parameter Change
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o v Dynamic Parts
e v Preliminary Action
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i Parameter Change

Concept: Parameter changes

[ ]

Uze various
states of object

change an ohject's physical state (e.g. 10 a gas, liquid, or salid),
change the concentration or consistency,

change the degree of flexibility,

change the temperature.

= Temperature
[ Flexibility

Mewt B

*%]Add concept

A Previous

Example: Poly-5i deposition without mechanical stress

Prior art Deposition of a thick polysilicon layer results in an increase of its density.

This leads to mechanical stress, substrate deformation, and crack

formation.
Poly-gilican

Duide It is proposed to put an intermediate film of soda-lime glass between the

substrate and poly-5i layer. The physical state of the film is changed
during the process of polysilicon deposition.

During high temperature poly-Si deposition, the intermediate film is
converted into a guasi-liguid state. Mechanical stress is prevented due to

Silican

Mew art the existence of liquid film.
United States Patent 4 606 936 Date of Patent: Aug. 19, 1936 Harris
I: | it e Corporation, Melbourne, Fa.
[ |
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i@ Dynamic Parts

Concept: Dynamic parts

- allow {or design) the characteristics of an ohject, external environment, or process ta
change to be optimal or to find an optimal operating condition,

I::’ - divide an ohject into parts capable of movement relative to each other,
- if an ohject {or process) is rigid or inflexible, make it movable ar adaptable,

Adaptive parts

A Previous Mest W
*%|&dd concept

Example: Flexible car

) Conventional cars hawe doors. [t turns out, howewer, that one can do
Second section a
without doors,
& flexible car is proposed, which is composed of two hinged sections, The
first section contains the engine, a gear box and an instrument panel with a
steering system, while the second has a seat. To getinto the car, the driver
turns the rear section by 90 degrees and sits down. Then the section is

Matching of replaced and fixed in place by a strong, special lock,

sections

US Patent Mo, 4 671 B63, General Motors Corporation

irst section

KAIST omputer Aided NEt Shape Manufacturing GANESV
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B Symmetry Change

Concept: Symmetry change

- change the shape of an ohject from symmetrical to asymmetrical,
- if an ohject is asymmetrical, increase its degree of asymmetry,

M ake object
asymmetric

4 Previous Mest B
*%]4dd concept

Example: Asymmetrical chip mounting

Prior art Symmetrical chip mounting on a lead frame results in increased switch
delay due to the high inductance of the "ground” lead.
Itis proposed to mount the chip asymmetrically,
The chip is placed so that the length of the "ground” lead is shorter than
that of the other leads. This results in a decrease of both the "ground” lead
R Ground lead inductance and switch delay.

United States Patent 4 332 253 Date of Patent Jan, 1, 1831 Texas
Instruments Deutschland GmbH, Germany

1 1 o 0

Reduced ground lead
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i Preliminary Action

Concept: Preliminary action

- perform, hefore it is needed, the required change of an object (either fully or partially),
- pre-arrange ohjects conveniently such that they can come into action guickly without
losing time during delivery.
Frepare
in advance

A Previouz Next b
*E]Add concept

Example: Plaster bandage with a saw inside

It is difficult to remove a plaster bandage from a broken limb, since the
R== patient may be injured when the bandage is cut with 2 saw.
It is proposed to use the preliminary action principle to improve safety, &
zaw blade (in 3 plastic tuhe) iz et inside the bandage by applving the
bandage over the tube, Using this technique, the plaster can be removed
from the patient by sawing away from the limb, This eliminates the risk of
injury to the patient.

Bandage SU Ac. M1B2 319

Tube

KAIST omputer Aided NEt Shape Manufacturing EANESWU
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(B Parameter Change & Preliminary Action

Step1 Step2 Step3

Insert Ignite to Fill with
Explosive create concrete

Preliminary Action

iE(mel oHgx 1Y)

Parameter Change

i@ Dynamic Principle O . 3jLjo] A|AEIS 043 JHo] R=o2 K3

v BIEISILE ROISHA| g2 248 SXY
- The| @0 S (Flap)S MX|
- ST0| F3l MEHOIM TH0|

=
- GROIME SWS A AW DY 43
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F=H7I El=
Zt=2 (Action)

Ex) XlAlo| MXHEIES 2HAA|ZICT.

StLIC] AF=2(Subject)0] CHANO| E|= ZHA|(Object) 0] £

Z| =3t & AH J|= ALH o
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