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2- Depth Interview
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7- Voice of the Customer Table (VOCT)
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2- Basic Needs (Basic Quality, Expected Quality)
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1- Cost of Quality

2- Failure Mode and Effects Analysis
3- Clausing, D.

4- Product planning (House of Quality)
S- Product design

6- Process planning

7- Production planning
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3- Blitz QFD
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1- Relative Weight
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1- Correlation Matrix
2- Trade-Off
3- Theory of Tnventive Problem Solving (TRIZ-TIPS)
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1- Target Values
2- Design of Experiments

3- Taguchi Method
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1- Special Requirements

2- John Terninko
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1- Breakthrough
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1- Ability to Detect Problems

2- Operation Evaluation
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1- Measurment System Analysis

2- Quality Control Chart
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2- Opportunities

3- Threats
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1- Failure

2- Failure Mode and Effects Analysis

3- Falt Tree Analysis

4- Event Tree Analysis

5- Hazard and Operability Study

6- Failure Mode, Effects and Criticality Analysis
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1- General Motors

2- Severity
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Undesired o

B o [
Result | & =4 s |e 5 3]
(Conflict) |3 1 5|3 |ssl2 |2 |8 |53 2 &
E [2 2 |23 £ |E [f& o o
e leBle 12812 |6 |« |«=28 a 5
. S |5 ©|s 5 B|E |& g g [S) = o
eature £ |E 9= £ A% |5 ol » S =
55655805« 3l=5l58|55 8| 8| 2| 8| 3
to Change A2 o5 5|c ol alea|alce Al 5| 5 2| ¢
2 O2 ElNC|laEl<C|€<B|IZ8ISElw | Ll 26| &

1 Weight of moving 15,8, 29,17) 29,2, 2,8, | 8,10,|10,36 10,14} 1,35,
object 29,34 38,34 40,28 15,38} 18,37| 37,40] 35,40| 19,39

2 Weight of non- 10,1, 35,30, 5,35, 8,10,|13,29} 13,104 26,39
moving object 29,35 13,2 14,2 19,35| 10,18} 29,14] 1,40

3 Length of moving | 8,15, 15,17, 7,17, 134,{17,10f 1,8, 1.8, | 1.8,
object 29,34 4 4,35 8 4 | 35 | 10,29 15,34

4 Length of non- 35,28 17,7, 358, 28 10| 1:14.[13.14139,37
moving object .| 40,29 10,40 2,14 ' 35 | 157] 35

5 Area of moving 2,17, 14,15 7.14, 29,30419,30/10,15) 5,34,] 11,2,
object 294) . | 184 17,4 4,34 | 35,2136,28] 29,4 13,39

6 Area of non-moving| 30,2, 26,7, 1,18,110,15 238
object 14,18 9,39 35,361 36,37 '

7 Volume of moving | 2,26, 17, 12, 29,4,115,35} 6,35, 1,15,{28,10/
object 29,40 = | 435 4,1 38,34} 36,37| 36,37] 29,4 ] 1,39
Volume of non- 35,10 35,8, 2,18, 34,28,

8 | moving object 19,14} 1914 214 a7 | 2435172, 393549

2,28, 13,14 29,30 7.29, 13,281 6,18,{35,15] 28,33

9 |Speed 13,38 8 34 34 15,19| 38,40 18,34] 1,18

8,1, 118,13]17,19 19,10) 1,18,] 15,9, 2,36,{ 13,28 18,21]10,35)35,10
10 |Force 37,18 1,28 9,36 | 2819 15 |36,37| 12,37] 18, 37 15.12 11 l4024] 21
. 10,36)13,29) 35,10} 35,1,]10,15]10,15] 6,35, 6,35,136.35 35,4, 35,33,
11 |Tension, pressure 377401 10,18| 36 |14,16|36.25| 35,37 10 |3524] 36 | 21 15,10| 2,40
12 lsn 8,10,]15,10)29,34] 13,14 5,34, 144,| 7,2, |35,15]35,10) 34,15 33,1,
ape 29,40} 26,3| 54 | 10,7] 4,10 15,22| 35 |34,18] 37,401 10,14 18,4

" . 21,35/26,39/13,15 2,11, 28,10§34,28/33,15[10,35{ 2,35,§ 22,1,

13 | Stability of object 239 140] 1281 37 | 13} 39 |19.39] 25 40| 28 18} 21 18] 40 | 18,4
14 |st h 1,8, 140,26} 1.15,[15,14] 3,34,| 9.40,{ 10,15} 9.14.] 8,13,|10,18] 10,3,|10,30] 13,17
rengt 40,15] 27,1 8,35 | 28,26| 40,29| 28 | 14,7 | 17,15/ 26,14 3,14 | 18,40] 35,40} 35

15 Durability of moving] 19,5,] . ]2.1s, 3,17, 102, . 3,351 19,21 19.3,|14,26] 13,3,
object 3431 ] 9 19 19,30 5 | 16 | 27 |2828] 35

16 Durability of non- 8,27, 1,10, 35,34 39,3,
moving object IR AL} 3| - 3g 35,23

36,22]22,35)15,19] 15,19 3,35, 34,30} 35,8,1 2,28, |35.10] 35,30 ] 14.22] 1,38,

17 {Temperature 638] 32| 9 | o ]3918 3538 4018] 4 |3630| 3211 19.2]19.32] 32

. 19,112.35,]19.32}. . |19.32 2,13, 10,13{26,19 323,

18 |Brightness 2| 21 s 26 IR 91 6 32,30 “53

19 Energy spent by 12,185 12.28: 1519); |35.13] 8,15,116,26]23,14) 12,2,]19,13
moving object 283, | O s | 18 35 | 212 25 | 29 |17.24
Energy spent by 11991 . ) 27,4

20 ; : el 36,37 Py
non-moving object 6,27 . 29,18
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40 Innovation Principles

1. Segmentation

a. Divide an object into independent parts.

b. Make an object sectional,

¢. Increase a degree of an object’s segmentation.
Example:
L. Design sectional furniture, modular computer

components or a folding wooden ruler.

2. Garden hoses can be joined together to form any length.

2. Extraction

a. Extract (remove or separate) a “disturbing” part or property
from an object.
b. Extract the only necessary part or property.
Example:
1. Using a tape recorder, reproduce a sound known to excite
birds to scare them away from the airport. (The sound is
separated from the birds.)

3. Local quality

a. Provide transition from a homogeneous structure of an object
or outside environment (outside action) to a heterogeneous
structure.

b. Have different parts of the object carry out different
functions.
c. Place each part of the object under conditions most favorable
for its operation.

Example:

1. To combat dust in coal mines, a fine mist of water in a
conical form is applied to working parts of the drilling
and loading machinery. The smaller the droplets, the
greater an effect in combating dust, but fine mist hinders
the work of the drill. The solution is to develop a layer of
coarse mist around the cone of fine mist.

2. Make a pencil and an eraser in one unit.

www.prozheha.ir

4. Asymmetry
a. Replace 2 symmetrical form with an asymmetrical form of
the object.
b. If an object is already asymmetrical. increase the degree of
asymmetry.

Example:

1. One side of a tire is stronger than the other to withstand
impact with the curb.

2. While discharging wet sand through a symmetrical funnel,
the sand forms an arch above the opening, causing
irreguiar flow. A funnel of asymmetrical shape
completely eliminates the arching effect.

5. Combining
a. Combine in space homogeneous objects or objects destined
for contiguous operations.
b. Combine in time homogeneous or contiguous operations.
Example:
1. The working element of a rotary excavator has special

steam nozzles to defrost and soften the frozen ground in a
single step.

6. Universality
a. Have the object perform multiple functions, thereby
eliminating the need for some other objects.
Example:
1. Sofa converts from a sofa in the day to a bed at night.
2. Minivan seat adjusts to accommodate seating, sleepin g or
carrying cargo.

7. Nesting

a. Contain an object inside another, which in turn is placed
inside a third object.

b. An object passes through a cavity of another object.

g
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15. Dynamicity

a. Make characteristics of an object or outside environment
automatically adjust for optimal performance at each stage of
operation.

b. Divide an object into elements abie to change position
relative to each other.

¢. If an object is immovable, make it movable or
interchangeable.

Example:

1. A flashlight can have a flexible gooseneck between the
body and the lamp head.

2. A transport vessel has a body of cylindrical shape. To
reduce the draft of a vessel under ful] load, the body is
comprised of two hinged half-cylindrical parts that can be
opened.

16. Partial or overdone action
a. If it is difficult to obtain 100% of a desired effect, achieve
somewhat more or less to greatly simplify the problem.

Example:

1. A cylinder is painted by dipping it into paint, but it is
covered by more paint than is desired. Excess paint is
removed by rapidly rotating the cylinder.

2. To obtain uniform discharge of a metallic powder from a
bin, the hopper has a special internal funnel which is
continually overfilled to provide nearly constant pressure.

17. Moving to a new dimension
a. Remove problems of moving an object in a line by allowing
two-dimensional movement (along a plane). Similarly,
problems in moving an object in a plane are removed if the
object can be changed to allow three-dimensional movement.
b. Use a multilayer assembly of objects instead of a single layer.
¢. Incline the object or turn it “on its side.”

d. Project images onto neighboring areas or onto the reverse
side of the object.
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Example:

L. A greenhouse has a concave reflector on the northern part
of the house to improve illumination during the day by
reflecting sunlight into that part of the house.

18. Mechanical vibration
a. Set an object into oscillation.
b. If oscillation exists, increase its frequency, even as far as
ultrasonic.
¢. Use the frequency of resonance.
d. Instead of mechanical vibrators, use piezovibrators.
e. Use ultrasonic vibrations in conjunction with an
electromagnetic field.
Example:
I. To remove a cast from the body without skin injury, a
conventional hand saw is replaced with a vibrating knife.
2. Vibrate a casting mold while it is being filled to improve
flow and structural properties.

19. Periodic action
a. Replace a continuous action with a periodic one or impulse.
b. If an action is already periodic, change its frequency.
¢. Use pauses between impulses to provide additional action.
Example:
1. An impact wrench loosens corroded nuts using impulses
rather than a continuous force.
2. A wamning lamp flashes so that it is even more noticeable
than if continuously it.

20. Continuity of useful action
a. Carry out an action without a break — al] parts of an object
should be constantly operating at full capacity.
b. Remove an idie and intermediate motion.
Example:
1. A drill can have cutting edges which allow for the cutting
process in forward and reverse directions.
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Example:

1. Disposable diapers

2. A disposable mousetrap consists of a bated plastic rube.
A mouse enters the trap through a cone-shaped opening.
The angled walls do not allowing the mouse out.

28. Replacement of a mechanical system
a. Replace a mechanical system by an optical, acoustical or
odor system.
b. Use an electrical, magnetic or electromagnetic field for
interaction with the object.
c. Repiace fields.
1. Stationary fields to moving fields
2. Fixed fields to those changing in time
3. Random fields to structured ones
d. Use a field in conjunction with ferromagnetic particles.
Example:
1. To increase a bond of metal coating to a thermopiastic
material, the process is carried out inside an
electromagnetic field to apply force to the metal.

29. Use a pneumatic or hydraulic construction
a. Replace solid parts of an object with gas or liquid. These
parts can use air or water for inflation or use air or
hydrostatic cushions.

Example:

1. To increase the draft of an industrial chimney. & spiral
pipe with nczzles is installed. When air flows through the
nozzles, it creates an air-like wall which reduces drag.

2. For shipping fragile products, air-bubble envelopes or
foam-like materials are used.

30. Flexible film or thin membranes
a. Replace customary construction with flexibie membrane
and thin film.

b. Isolate an object from the outside environment with a thin
film or fine membrane.
Example:

1.

To prevent the loss of water evaporating from the leaves
of plants, polyethylene spray is applied. The polyethylene
hardens and plant growth improves because the
polyethylene film passes oxygen better than water vapor.

31. Use of porous material
a. Make an object porous or use additional porous elements

(inserts, covers, etc.).
b. If an object is already porous, fill the pores in advance with

some substance.
Example:

1.

To avoid pumping coolant to a machine, some of the parts
of the machine are filled with porous material (porous
powdered steel) soaked in coolant liquid which evaporates
when the machine is working, providing short-term and
uniform cooling.

32. Changing the color

a. Change the color of an object or its surroundings.

b. Change the transiucency of an object or its surroundings.

¢. Use colored additives to observe objects or processes which
are difficult to see.

d. If such additives are already used, employ luminescent traces
or tracer elements.
Example:

1.

2.

A transparent bandage enables a wound to be inspected
without the dressing being removed.

In steel mills, 2 water curtain is used to protect workers
from overheating. But this curtain only protects from
infrared rays, so the bright light from the melted steel can
easily get through the curtain. A coloring is added to the
water to create a filter effect while remaining transparent.

i -
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Inventive Principles Ordered by Frequency of Use

35. Transformation of physical and chemical states
of an object

10. Prior action
1. Segmen:ation

28. Replacement of a mechanical system
2. Extraction

15. Dynamicity

19. Periodic action

18. Mechanical vibration

32. Changing the color

13. Inversion

26. Copying
3. Local quality

27. An inexpensive shori-lived object instead of an
expensive durable one

29. Use a pnzumatic or hydraulic construction
34. Rejecting and regenerating parts

16. Partial o: overdone action

40. Composiie materials

24. Mediator

17. Moving 10 a new dimension

6. Universaiity

14. Spheroidality
22. Convert harm to benefit
39. Inert environment
4, Asymmetry
30. Flexibile film or membranes
37. Thermal expansion
36. Phase transition
25. Self-service
11. Cushion in advance
31. Use of porous Bﬁom&m
38. Use strong oxidizers
8. Counterweight
5. Combining
7. Nesting
21. Rushing through
23. Feedback
12. Equipotentiality
33. Homogeneity
9. Prior counteraction

20. Continuity of useful action
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1 2 3 4 5 6 7 8 9 10 {11 | 12 | 13
Undesired =)

= o o —
Result | 2 o 2 |E 5 o
. S TR &3 R = Q =3 & .. @ o
(Conflict) |3 |5 Bla |s58lE |E |& |e%8 ] a
£ |29 |23 (& |E €2 o °
a w— “— O .~
5 |58 |s9lE |2 5 |58 a 5
Feature £ E e ..l A5 .16 2 o S| ol &
53651555 5laBl5aI55 38| 2| &3

. . - . - _— =
to Change oo 3|SSlGeleledealeel &1 5 5| &| 8
282 E|SB|LEjlcBl«c i8> El v Ll -] | &

1 Weight of moving . 15,8, 29,17 29,2, 2,8, 1 8,10,{10,3610,14] 1,35,
object 29,34 38,34 40,28 15,38| 18,37} 37,40| 35,40} 19,39

2 Weight of non- 10,1, 35,30, 5,35, 8,10,13,29] 13,101 26,39
moving object I 29,35 13,2 14,2 19,35} 10,18] 29,14} 1,40

3 Length of moving | 8,15, . 15,17, 717, 13,4,]1710) 1.8, | 1.8, | 1.8
object 29,34 4 4,35 8 4 | 35 110,29 15,34

4 Length of non- : 35,28 17,7, 35,8, og 10| 1:14,]13.14339.37
moving object 40,29 10,40 214 ’ 35 15,71 35

5 Area of moving 2,17, 14,15 7,14, 29,30)19,30) 10,15 5,34,} 11,2,
object 2947 | 184 17.4 4,34 | 35,2 36,28] 29,4 | 13,39

6 Area of non-moving] - | 30,2, 26,7, 118, 110,15f . | , 50
object 14,18 9,39 35,36/ 36,37 :

7 Volume of moving | 2,26, 17, 17, 29,4,(15,35} 6,35,} 1,15, 28,10)
object 29,40 - | 435 4,1 38,34} 36,37| 36,37| 29,4 | 1,39
Volume of non- 35,10 35,8, 2,18.], 34,28,

8 moving object 19,14] 1914 214 47 |24357.2,39 35 49

9 [Speed 2,28, 13,14 29,30, 7.29, 13,28} 6,18, 35,151 28,33)

pee 13,38 8 34 34 15,19] 28,40| 18,34| 1,18

10 |F 8,1, [18,13]17.19{ . 119.10] 1.18,| 159, [ 2,36, | 13.28 18.21]10.35] 35,10

orce 37,18] 1,28 9,36 | < 15 | 36,37| 12,3718, 37) 15,12 11 }40,34] 21
. 10,36]13,29] 35,10 35,1,110.15]10,15] 6,35, 6,35,36.36 35,4, | 35,33
11 |Tension, pressure |37 40| 10,18} 36 |14.16|36,25)3537] 10 |24 36| 21 15.10] 2,40
12 lsn 8,10, [ 15,10{29,34} 13,14 6,34, 14,4,| 7.2, 135,15135,10] 34,15 a3 1,
ape 29,40} 26,3| 54 | 10,7] 4.10 15,22] 35 |34,18|37.40| 10,14} 18,4
o . 21,35426,39 13,15 21, 28,10§34,28133,15{10,35 2,351 22,1,
13 |Stability of object |239] 1401 1.28] 37 | 13'| 3@ |19,30] 35,40} 28,18 21,16 40 | 18.4
14 is th 1,8, [40,26] 1,15,]15,14] 3.34.] 9.40,110,15] 9.14.] 8,13,]10,18] 10,3,|10,30] 13,17/
treng 40,15§ 27,1} 8,35 | 28,26{ 40,29/ 28 | 14,7 | 17,15]| 26,14] 3,14 | 18,40} 35,40} 35

15 Durability of moving] 19,5, . . |2,19,| - . |3.17, 102,] . 3,35, 19,2,] 19,3,|14,26] 13,3,
object 3431 | 9 19 | - 19,30 5 | 16 | 27 |2825| 35

16 Durability of non- = leer, 1,10, 35,34 39,3,
moving object -+ 1 18,18) 35 K 38 . 35,23

17 |1 1 36,22122,35) 15,19 15,19} 3,35, 35.38 34,39) 35,6, 2,28,135,10)35,39] 14,22 1,38,

emperature 638] 32 | 9 o 139,18] %99 40,18] 4 [36,30] 3,21] 19,2}19,32] 32
. 19,1 2,35,{19,32]. . }19.32 2,13, 10,13} 26,19 323,

18 |Brightness 2|3 w| |2 0] || s 3230} o7
Energy spent b 12,18} . J1519]) 35,13 8,15,[16,26]23,14} 12,2,119,13

19 !
moving object 28,317 o es | 18 35 | 212] 25 | 29 |17,24
Energy spent by 19.9,]. . . ) 27,4

. ! 9.1 3 . 136,37 A,

20 non-moving object |87 I ) B 29,18
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14115116 {17 | 18 | 19 | 20 | 21 22 123124 |25 | 26
Undesired o Py
A £ 3 | §
esult S - 2 - |8
R 3] 2= |9 ©
o £ Eo e =4 k74
{Conftict) £ |25 =5l 8 8[B31E]e
. w gl @ c @l c | 8 £
© 195|353 wl|8Gs2 o |3 {LIlE |
= Q Qg € o c{* |59
2 2o ® | 8 |F9|FS Sls | €= Q
F < |E = i ] 3 o - O |+ ¢
eature 55532 213238 5]1e|lal3]S|ES
to Change R g3l € §’ s8¢l 2 (813 AEREY:
» [c8loE|2 [mlSEIGE &= 2|3z <3
1 Weight of moving {28,27] 5.34, 6.20,1 19,1,]135,12 12,38} 8,2, | 5,35,110,24{10,35) 3,26
object 18,40| 31,35 438 32 '|3431 18,31/ 34,19] 331 35 |20,28) 18.31
2 Weight of non- 28,2, 2,27,(28,19) 19,32 18,19115,19)18,19) &, 8, [10,15] 10,20 19,6,
moving object 10,27 19,6 |32,22] 35 28,1 | 18,22] 28,15| 13,30 35 135,26 18.26
Length of moving | 8,3s, 10,15 8,35, 7,2, | 4,29, 15,2,
3 1 object 29,34 19 19| 32| 2 135 | 35,30] 23,10| 1+24| 29 '|29. 3
Length of non- 15,14 1,40, 3,35, 10,28 30,29,
* | moving object 28,26 35 |3s,18] 325 | 128 828 55 55) 24,261 "y
Area of moving 3,15, 2,15,115,32 19,10} 15,17§ 10,35 29,30
5 lobiect 40,14] 63 16 | 19,13 1932 32,18] 30,26] 2,39 | 30.26) 26, 41°¢ (5
objec
Area of non-moving 2,10, 135,39) 17,7,110,14 10,35] 2, 18,
5 |object o 19,30 38 17.32) "30"[ 18,39] 3016 418 | 404
Volume of moving |9,14, 34,39) 2,13, 35,6, 7,15, [ 36,30 2,6, 129,30
7 object 15,7 [6:35.9 10,18} 10| 3 13,18| 13,16] 34,10] 2 22| 34,10| " 7
Volume of non- 9,14, 35,34) 35, 6, 10,39 135,16/
8 [moving object 17,15 38| 4 308 3534 f32,18) 5.3
8.3, [ 3,19, 28,30 10,13 8,15, 19,35} 14,20] 10,13 18,19
9 |Speed 26,14] 355 38,2| 19 |a5.38 38,2]19,35| 28,38| 1326 . {2938
35,10 35,10 19,17} 1,16,]19,35 8,35, 10,37] 14,20
10 [Force 14.27] 192 21 10 | 38.37| 18,37| 1415| 40,5 36 | 18,35 |
: 9,18,{ 19,3, 3539]  [14,24] 10,35) 2,36,(10,36] - |37.36] 10,14 ‘
11 {Tension, pressure | 545] o7 19,2 10,37 14 | 25 | 337 4| 38 |
30,14 14,26) 22,14§13,15] 28, 4,8, 35,29 14,10
12 | Shape 10,40] 9,25 19,32] 32 |34,14 2| ¥ as]| . |34.17]% 2
o . 17.9,(1327] 39,3, 35,1, [ 32,3, 27.4,132,35] 142,[2, 14, 15,32
13 [Stability of object | 15" | 1655] 36:23| 35'| 2035] 13.19] 20t 27,31| 39,6 | 30,40, | 3527} 35
i 27,3, {a0,10 19,35 10,26 35.28f .. | 29,3 ]29,10
14 [Strength 26 | 40 13579 1ol 35 lasas| 35 |aviao}.  {2s10| 27
15 Durability of moving]| 27,3, 1935} 219, F2s6,! . [19,10] ~<|2827) 10 |20.1043, 35,
object 10 39 | 4353518 35,38 3,18 28,18{ 10,40
16 Durability of non- 19,18 16 27.16{ . 28,2013, 35,
moving object 38,40 18,38 10,16| 31
10,30]19,13] 19,18 32,30]19,15 2,14,121,17]21,36) 35,.28] 3,17,
17 | Temperature 22,40 39 | 36,40 21,16 3,17 17,25 35,38] 29,31 21,18| 30,39 :
: 19, 2,35 2,1,[32,35 19,16 19,1,
18 |Brightness 3s.19| 2] % A o I s R R S O ‘
19 Energy spent by 519,128.35) . [19,24] 2,15, 6,19,112,22135 24 35,38,34,23 i
moving object 9.35| 618]  |314] 19 ; 37,18/ 1524] 185] | 19,18} 16,18
Energy spent by 19,2 O 1 %-14 BN 3,35,
0 K : 35 e : i
2 non-moving object 35,32 1 1831p 31

T e . , L X T T ITIUIYITTYTI - 'k
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27 |28 29 {30131 }32|33{34 (35|36 |37 |38]39
Undesired £ <
[0] E=1
chesut A ooeE 5| E]s | E
onilic < 188 o T |2 <] S <]
{ W |sg=5l88| 81212 |2|zls |2 |32
> | > == ] & o a = |= = ] 5
E10808|58| 5| § (e 812 (3 |3 5 | §
Feature Bi83ES|EelE|Sle |51Slesles] o] 3
to Change S138135/5c 5|25 | S (5558l 28
(0] ang o o Q Rt ] g 1eal ©| T |0 |0 5] @ 4
ci<El<EITg| T |z=lo8lacl<c|OoBlo8] a|a
4 |Weightot moving |3, 11,(28.27)28,35)2221{22,35127.28) 35,3, | 227, 29.5. 126,30 28,29]26,35] 35,3,
object 1,27 | 35.26} 26,18] 18.27] 31,39] 1,36 | 2,24 | 28,11| 15,8 | 36,34] 26,32} 18,19} 24,37
o |Weightof non- 10,28) 18,26 10,1, 2, 19.|35.22] 28, 1.} 6.13,| 2,27,119,18] 1.10,| 25,28} 2, 28| 1, 28,
moving object 8.3) 28 |3517|2237| 1,39] 9 |1,32|28,11] 29 |26.3917.15] 35 | 1535
g [Lengthof moving |10,14/28,32]10,28) 1,15, . | 1.29,]15,20{1,28,[14,154 1, 19,] 35,1, 117.24) 144,
object 2040 4 |2037]17.24|17:15] 17| 354 10 | 1.16]26.24| 26.24] 26,16} 28,29
Length of non- 15,29132,28) 2, 32 15,17 30,14
4 moving object 28] 3 | w118 o7 |225] 3 [1.35)1,26 26 7.26
g |Area of moving 20 5|2628] 54, (2233 17.2.] 131.11517]15.13) | - 114, 1, 2.36,114,30, 10,26
object 18] 3231 232 28,1 18,39} 26,24} 13,16] 10,1 1% 39 13 | 26,18 28,23 34,2
Area of non-movinglsz 3s}26.28) 2,29, 27,2, 22, 1 1,18, 2,35 10,15
6 object 40.4] 32.3] 18,36| 39.35| 40 |40 1§ 16.4[ 16 115,18 ‘557 3518) 23 [ 477
7 [Volume of moving |14, 125.26]25,28)22.21f 172,20, 1.11598] .o 6 4]29.26/35.341 10, 6,
object 4011) 28 | 2.16]27.35- 40,1 40 | 30,12 : T4 6.24] 2,24
8 Volume of non- 2,35, 35,10134,39{30.18) . } L |27 fesar,
moving object 16 25 [19,27f 35,4 ' 2 | - {102
9 |Speed 11,35] 28,32/ 10,28] 1,28, | 2,04, 35,13]32.28] 34,2 [15,10) 10,28 3,84, |, |
27.28| 1,24 | 32,25| 35,23| 35.21] 8.1 | 13,12| 2827] 26 | 4.34]27.16]'"
3.35,| 35,10} 28,29} 1,35,} 13,3,[15,37] 1,28,| 15,1, 15,17 | 26,35} 36,37 3,28,
10 Farce 13211 23.24] 37.36] 40.18| 36.24] 18,1 | 3.25 | 11 | 18,20 10,18 10,19| & 3%} 3537
. 10,13} 6, 28, 22,212,331, 35, 119112, 38, 10,14,
11 |Tension, pressure | 1o o1 ™5™l 3,351 %5727 g 16 | V| 2 | 35 | 35 | a7 |35 3537
10,40)28,32132,30] 22,1, 1,32,|32,154 2, 13,] 1, 15,]16,2915,13] 15, 1,| 17,26
12 |Shape 6] 1 | 40 12,35|3% V1728 26 | 1 | 20 | 1,28} a9 | 32 [34,10
. : 35,24} 35,40 32,35] 2,35,135.30) 2,35,|35,22] 1,8, | 23,35
13 |Stability of object 13 1 18 130.18] 27,3035 19 30 |10,16] 34,2 22,26| 39.23| 35 | 403
3,27, 18,35 15,35) 11,3.|32,40}27.11] 15,3} 2,13 27, 3, 29,35
14 |Strength 1.3) 6 13271 571 22211032 282 3 | 32 | 28 {15.4d *5 [10.14
15 {Durability of moving| 11, 2, s (327.]e215]2139)27,1.[ 120,101, 351 104, [1920f 3517
object 13 16,40] 33,281 16.22] 4 11227 27 | 13 |2915)39,35| & 10| 14,19
Durability of non- {34 27110, 26 17,1 25,34 10,20
16 | moving object 640] 24 qoa3f 22 |31 1 | 12 635] ' |1638
19,35/ 32,19, 22,33)22,35 4,10} 2,18,] 217,| 3,27,| 26.2,| 15.28
17 {Temperature 310] 24 1 2% [352] 224]26.2726.27 46 | 27 | 16 |a35,31}19,16] 35
. 11,15, 35,19]19,35)28,26)15,17) 15, 1.] 6, 32, 2,26,] 2, 25,
18 |Brightness . g2 | 32|15, 19435 35] 28.26| 19 |13.16] 1,19f 13 {921 0 | 16
19 Energy spent by 19,214 3,1, 1,35,]2,35,{28,26{, 0 ] 1.15,[15,172,29,| .0 o4 45 5 12,28
moving object 11.27] 32 6271 6 | 30 1'% 3917,28| 1316 27,28} 2| 735
o0 |Eneray spentby lio3e) . 1021922} ., T 19,35 -
non-moving object | 23 |- .- 22,37 18 ' 16,25 '
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1 2 3 4 5 6 7 8 9 10} 11 {12 | 13
Undesired o
= o
Result |2 2 s |E £ o]
(Conflict) |3 |t 5l8 |52 |8 [3 (5% 2 &
£ 222 [e85 (£ |E |28 o S
e |e 8l lSa 8 [y |58 a 5
F o) o °O|3d o O £ c o] [=rst e ;
eature Eole s .|s 6 |6 ..|2 .12 o £
c 25l2 50808 o Bl 35855 3] 8| 2| 8] 3
to Change 251 Y als g|glealcaldel a5 | 5| & 8
2ol EH8|SEl<B[<8Z8ISEIAd| | 2| & &
8,36,[19,26] 1,10 17,32] 35,6, 30,6,{15,35] 26,2, [ 22,10} 20.14) 35,32
21 |Power 38,31| 17,27] 35,37 19.38 1338 38 | 25 | 2 |36.35| 35 | 2.40] 1531
15,6, 19,6, 7.2, [ 6.38,[15.26] 17.7.| 7.1, 16,35 14,2,
22 |Waste of energy | 1928) 18,9 | 613| 7 |17.30|0.18| 23| 7 | 38 | 3638 39,6
356,] 35,6,114,20)10,28] 35,2,]10,18f 1,29,] 3,39,[10,13]14,15] 3,36, | 29.35) 2.14.
23 |Waste of substance| o341 2235 10.39] 24 | 10.31| 39.31] 36 36| 16.91| 26,08 18,40| 37,10| 3.5 {3040
24 |Loss of information 103’54 10535 126 26 |30,26( 30,16 2,22 | 26,32
) 10,20]10,20{ 15,2, }30,24 26,4,10,35] 25, [a5,16]  .|10,37]37.38) 4.10,| 35,5,
25 |Waste of time 37,36} 26,5| 29 | 14,5} 5,16 | 17.4 | 34.10| 32.18 365] 4 |3417| 225
og |Amount of 35,6,|27,26}29.14 15,14 2,18, [15.20 as,20f3s.14]1036] . 1152,
substance 18,31| 18,35 35,18 29 | 404 29 ad28| 3 | 143135141740
" 3,8, 13,10,1 159,115,20117,10)32,35] 3,10,| 2,35, |21,35) 8,28, | 10.24] 35.1,
27 |Reliability 10,40 8,28 | 14,4 [ 28,11] 14,16| 40,4 14,24 24 |1128] 10,3 | 35.19] 16.11
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