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52920663 . MAJOR: MASTER OF INDUSTRIAL ENGINEERING; M.Eng.
(INDUSTRIAL ENGINEERING)
KEYWORD : VALUE ENGINEERING/ COST REDUCTION/ THEORY OF INVENTIVE
PROBLEM SOLVING/ THE CONTROL OPERATION UNIT
VEERAY A LOUANGSINSIRI: AN APPLICATION OF VALUE ENGINEERING
AND TRIZ FOR INCREASING VALUE AND REDUCING COSTS OF THE
MANUFACTURING PRODUCTADVISOR. ADVISOR: RUEPHUWAN CHANTRASA, Ph.D.
99 P.2012.

Increasing the product value and decreasing the production cost are important factors
for the success of manufacturing industries. This research aims to propose a systematic approach
for product design and development by applying value engineering technique and Theory of
Inventive Problem Solving {TRIZ). Air conditioning manufacturing industry was used as a case
study in this research. The research methodology consisted of the selection of parts to be
analyzed, data collection of parts tc be designed, function analysis, idea creation and the
application of TRIZ. Results from the product analysis showed that the major part of air
conditioning was an Electric Box Assembly which was composed of several minor parts. One of
them was an Electric Box Plate which was an important part and suitable as a sample part for the
study of increasing product value and decreasing the production cost. From the steps of idea
creation and application of TRIZ, the systematic approach for designing the Electric Box
Platewas generated. This approach couled reduce the amount of matenal used to manufacture this
part more than 30% and also increase its value. This was because it can be designed to have a

common function with a Partition plate; thus, the value of an Electric Box Plate was increased.
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#1579 4-10 9115714 Selection Matrix

AR

nMNlHmMILEen A B c D E F

1. ﬂ‘izﬂﬁﬂfﬁ@ + + 0 + + -
2. ATNUANES + + 0 0 - -
3 Usznaudw - 0 0 - + 0
4. 37181 0 - 0 0 + 0
5. anulnenny - 0 0 - + 0
6. mﬁ%ugﬂ + + 0 0 + -
7. i utede + 0 0 0 + -
Pluses 4 3 0 1 6 0

Sames i 3 7 4 0 k)

Minuses 2 1 0 2 1 4

Net 2 2 0 -1 5 -4

Rank 2 2 3 4 1 5

Conlinue Yes Yes Yes No Yes No

A15199 4-10 wurdad IdnzuuuLInigaio tufa Euazauu1aan A, B, C, D
:’5 LY t:!.w ] ar o 9 -~ o oy :; & o=
wax F aluanisuiiviinigen 2 uwafagaiefio D uay F uaziumnaaimie ldnsan
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o 4 o ) o o = o
ATHAA N-1 LuNINFANUTALTs SuiuusTyminnudaudusanaila

1 2 3 4 5 6 7 8 g 10 (11 | 12 | 13
Undesired 2 |5 o
Resuit g 2 > |3 £ | g 3
i - = c BlE o
(Conflict) |5 |5 BI2 |5 §| E 12 |8 8 8
] = & = I« G -
5 [59%5 |5 B A : S
Feature E olE BIE « g_gggsggzggg % s £
to Improve %%wécgggebgas %"‘é‘ 8|35 & g
z8z E8 |3 El<cB|le 858l E|l0 | & ~ | &
Weight of moving 15,8, 25,17 29,2, 2.8, | 8,10,/10,36] 10,14 1,35,
' |object 20,34 38,34 40,28 15,38 18,37| 37,40| 35,40 19,39
Waight of non- 10,1, 5,20 5,38, 8,10, 13,28 13,104 26,39
2 moving object 29,35 13,2 14,2 19,35| 10,18] 29,14] 1,40
Length of moving | 8,15, 15,17, 7T H 13,4,{17.10] 1,8, [ 1.8, | 1.8,
3 Ob]BCt 29,34} 4 4,35 8 4 35 |10,29]| 15,34
Length of non- 35,28 17,7, 35,8, 28.10] 114 ]13,14{30.57
% | moving object . 40,28 10,40 2,14 0l 357|157 35
Area of moving 2,17, 14,15, 7,14, 20,30 19,30]10,15] 5,34,| 11,2,
5 [object 20,4 18,4 17,4 434 ] 352
6 Area of non-moving 30,2, 26,7, 1,18,
object 14,18 8,39 35,36
7 Volume of moving | 2,26, 1.7, 17, 294,115,365/
object 29,40 4,35 4,1 38,34| 36,37| 36,37| 20,4 | 1,39
Volume of non- 35,10 35,8, 2,18, 34,28,
8 | moving object 19,14] 1914 2,4 a7 ' 243572, 34 35,40
2,28, 113,14 29,30 7.29, 13.28] 6,18, [35,15[28,33
9 |[Speed 13,38 8 34 34 15,19] 38.40( 18,34] 1,18
8,1, [18,13]17,19] 19,10] 1.18,[ 16.9,| 2.36,[13.28 18,21]10,35)35,10
10 |Force ar.18| 1.28 | 9,38 | 2810] 5 | 36,37| 12,37| 18, 37| 15,12 11 |4034] 21 |
] 10,36/ 13,20 35,10] 25,1,{10,1510,15] 6,35, 6,35, 36,35 35,4, | 35,33
11 |Tension, pressure | 570l 10,18 s6 | 14,16| 36,25(36.37| 10 |3524| 38| 21 15,10 2,40
12 |sn 8,10,[16,10]29,34]13,14] 5,34, [B55 14.4,] 7.2, [35,15]35,10{34,15 331,
ape 20,40| 26,3| 54 | 107 410 15,22| 35 [34,18]37,40( 10,14 18,4
. 21,35)26,30] 13,15 2,11, 28,10/ 34,28]33,16)10,35] 2,35, | 2.1,
13 |Stabiiity of object |"2357 140] 1,28] 37 | 13 19.39| 35,40| 28,18] 21,16] 40 | 18,4
14 |st 1,8, |40,26] 1.15,]15,14] 3.34,] 8,40, 10.15] 8,14, | 8,13, 10,18] 10,3,{10,30] 13,17,
rength 40,15| 27,1 8,35 | 28.28| 40.28| 28 | 14,7 | 17,15] 26,14| 3,14 | 18,40/ 3540] 35
15 Durability of rmoving| 19,5, 2,18, 3,17, 10,2, 3,3s5,| 18,2, 19,3,|14,28] 13,3,
object 34,31 8 19 19,30 5 | 18 | 27 |2a25] 35
4 |Durability of non- dil 6,27, 1 1,10, } 35,34 39,3,
moving object 19,1651000 35 | 38 35.23
36,22] 22,35 15,19 15,19{ 3,35, 34,39] 85,6, 2,28,[35,10] 35,39, 14,22} 1,35,
17 |Temnperature 638] 32 | 8 | o |39.18/3538|40,18] 4 |3630| 3.21] 18.2]19,32] 22
13,1 | 2.35,| 19,32 18, 2,13, 10,13/26,18 32,3,
18 |(Brighiness 32 16 | 28 10 w] 6 32.30) "o
4 |Energy spentby  [12.18 550 15,19 35,13 1 8,15.[18,26]23,14) 12,2.[ 19,13
Energy spent by 19,8 : 27.4,
2y 96,37 T
20 non-moving object 6.27 | ) 29,18
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= o ar < o @ ) = 1
AWNNA A-1 unIngaMuTands dmiuudtyvianudaudufunais (Ao)

14 |15 |16 |17 |18 |19 |20 | 21 |22 | 23 | 24 | 25 | 26
Undesired >
Result s e 5 3§ 5 g $
5 |35 3 2oEg s|3 |28 s
= = 4 [=]
z |z8| &8 | 4§ |98|a¢% 55 |£ |5 |2
Feature ‘§,= =2z | E|3288 52|28 |2 |5
I = a -~
to Improve e§§§>g ©|ls3cc| E|3 |8 g 3 |28
5 88 8E e |a[GEGEa|Z | z |<a
Waeight of moving | 28,27/ 5,34, 6,20, 18,1,(35,12 12,38{ 6,2, | 5,35,/ 10,24 10,35/ 3,286,
1 18,40] 31,35 438 | 32 |34.31 18,31] 34,19 3,31 35 |20.28| 18,31
object
2 Weight of non- 28,2, 2.27,|28,18) 19,32 18,19] 15,19 18,19] 5, 8, [10,15§10,20{ 18,6,
movlng ob@ 10,27 19'6 32,22 35 28.1 18.22 23,15 1 .30_ 35 35.28 18,26
Length of movin 8,35, 10,15/ 8,35, 7,2, | 4,28, 15,2,
3 9 |2om| 1o S as |5 135 | ga 30| 2 40| 24| 50|20, 38
object
Length of non- 15,1 1,40,} 3,35, 10,28, 30,28
4 | moving object 28,25 as | 38,18 32 12,8 | 6,28 | 94 35] 24.28) " 14
Area of moving 3,15, 2,15,{16,32 18,10 15,17/ 10,35, 29,30,
5 | object a0 14| &3 16 |19,13| 1992 az,18| 30,26| 2,39 | 3026 26. 4| g,13
Area of non-moving 2,10,135,39 17,7,[10,14 10,35) 2, 18,
6 |object ® 19,30 38 1732 35| 18,39] 3-1€| 438 40,4
Voiume of moving | 9,14, 134,300 2,13, 356, | 7,15,/ 36,39 2,6, 12930
7 |object 15,7 {335 4L 10,18 10 | 3 13,18] 13,16| 34.10] & 22| 34,10 7
Volume of nan- 9,14, 85,34 35, 6, 10,39 35,16
8 | moving object 17,15 a8 | 4 . 35,34 a2,18 35'3‘
8,3, | 3,19, i1 28,30) 10,134 8,15, 18,35]14,20) 10,13/ 18,18
9 |Speed 26.14| 35,5 362| 19 |3538 28,2 | 19,35 28,38 1% 20,38
35,10 35,10 18,174 1,18, 19,35 B.35, 10,37 14,29
10 |Forcs 14,27 192 21 10 |38,37| 18.37] 1415| 40,5 38 | 18,36
, 9,18, 19,3, 35,39 14,2 10,35, 2,38, 10,36 37,36/10,14
11 |Tension, pressure | 349| 27 19,2 10,37 14 | 25 | 337 4| 3
30,14)14,26 22,14{13,15] 28, 4,6, 3529 14,10,
12 |Shape 10,40] 9,25 JHli i 19.32] a2 |34,14] 2 | 4|35 34,17)36: 23
. . 17.9,[13,27] 28.3,| 351, 323, 27.4,[32,35] 14,2, 2, 14 15,32
13 [Stability of object | ‘15| 10,35 3523 a2 | 27,15 1319| 20,18| 27:31] 39,6 | 30,40 35.27( g5
27.3, 30,10 19,35, 10,26, 35,28 29,3,128,10
14 |Strength 26 a0 |3519 jo| 35 |aszs| 3 |ar.40 2810 27
15 Durability of movingl 27,3, & 18,35 2,19,| 28.6, 19,105 28.27] | (20,1048, 35,
object 10 30 | 4,85 |35,18 35,38 3,18 28,18| 10,40
16 Durabllity of non- 19,18 o 27,18f . |28,20/3, 35,
moving object 36,400 18,38 10,16| 31
10,30 19,13] 18,1 32,30/19,15 2,14,|21,17] 21,38 as,28] 3, 17,
17 |Temperature 22,40| 39 | 36,40 21,16 3,17 17,25| 35,38 29,31 21,18] 30,38
18 |Brightness 3s,19] 21O BiiE] 9358 B %] = T neizeaie
19 |Energy spent by 5,19, (28,35 18,24) 2,15, 6,18, [12,22] 35,24 35,38) 34,23/
moving object 9.35| 6,18 314| 19 |§ a37,18) 15,24} 18,5 19,18} 16,18
20 Energy spent by 35 ;'“_"' 19,2, | 28,27 3, 35,
non-moving object R uf 36,323 18,31 31



27 |28 |20 (30 {31 |32 |33 (34 3 (3 (37|38 | 39
Undesired %
el | eyl 21z | || |
§ — - = = o
N HE NP
= SI8C|=El = | B |2 » X% Bl
Feature 3 gégggég S § é gégé_; &
=2 | .
1o Improv T |82B& 8% 5§ g3 3 g 3
mprove 2|22 EEg 2|28 & 288838 3 E
1 [Welghtof moving |3, 41,128,2728,35]22,21)22,35) 27,28 35,3, 2,27, | 28,5, | 26,30) 28,29, 26,35/ 38,3,
object 1,27 | 35,28] 28,18 18,27] 31,30] 1,36 | 2.24 | 28,11| 15,8 | 36,34] 26.32] 18,19] 24,37
o |Weight of non- 10,28)18,26) 10,1, | 2, 19,| 35,22] 28, 1.| 6,13,| 2.27,|18,15] 1,10,|25.28] 2, 26,] 1, 28,
moving object 8,3| 26 |3617|22,37| 1,39| 8 |1.32|28,11| 29 |2839|17,15] 35 | 15,35
g [bength of moving  (10,14)26,32/10,28] 1,15, 1715 1+29/15.280 1, 28,114,150 1, 19, 35,1, | 17,24] 14,4,
object 2040 4 |290,37] 17,24/ 1715 17 | 354 10 | 1,16 | 26.24| 28.24| 26,16] 28,20
Length of non- 15,28/32,28) 2, 32 | 15,17] 30,14
4 moving object 25 ] 3 | 10118 57 |225] 3 |1,35|1,26| 28 728
g |Area of moving 20 0| 26:28] 5 a0 [22.38] 172.| 13,1, [15.7) 1503/ . |14, 1.{ 2,36,| 14,301 10.26]
object '©| 32,3 =~ | 28,1 | 18.38| 26,24( 13,18| 10,1 | "> 13 | 28,18|28,23| 34,2
Area of non-moving| 3z 3s/26,28) 2,29, | 27.2,[ 22, 4, 1,18,| 2,35, 10,15
5 |object 40,4 | 32.3] 18,36 30,35 40 |40-1§ 16, 4] 18 |15.18 55" 30,18 = | 17,7
2 |Volume of moving | 14, 1,(25,26)25,28]22.21/ 17.2,| 29, 1.| 15,13 10 |15, 29 28, 1 |22:26{38.34] 10,6,
objact 40,11| 28 | 2,16127.38| 40,1| 40 | 3012 - 14 ] 16.24] 2,84
g |Volume of non- 2,35, (148741 35,10434,39,30,18) .. ) 1 39| &% 35,37
moving object 16 H 25 |19,27| 354 v 26 102
g |speed 11,35/28,32/10.28) 1,28, | 2,24, |35,13/32,28] 34,2, [15,10] 10,28 3,84, | .
27,28| 1,24 | 32.25| a5.23| 35.21| a1 | 1312|2827 26 | 4,34 | 27,18|1%
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 |Force 13,21| 23,24| 37,36| 40,18| 36,24| 16,3 ] 3.25| 11 | 18,20 10,18] 10,18] & 35| 35,37
. 10,13/ 5, 28, 22,22 33,1, 35, 19,1,| 2, 38, 10,14
11 |Tension, pressurse 19,85 25 | > 35| 3y |27 18 16| 2 35 | 35| a7 '[35.24 55 57
' 10,40, 28,32 32,30] 22,1, 1,32, |32,18] 2, 13| 1, 15,{ 18.29] 15,13/ 15, 1,| 17,26
12 (Shape 16 ] 1 | 40 |2,35(35 1 1728] 26 | 1 | 20 | 1,28] 38 | 32 |3410
i . - 35,24,35,40 32,35] 2,35, |35,30] 2,35, |35.22] 1, 8, [2335
13 | Stability of object g0 18 | '® |30,8| 27,20]%% 19 30 | 10,18| 34,2 | 22,26 35,23| 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|%4g | 3.27] 37.1] 22.2| 10,32 25|.2+ 3 | 32| 28 |15.4d 15 |10,14
15 (Durability of moving{ 11,2/ [a27 [o2.15f2130 27, 1, 120,10 1,35 10,4, [1920] . la5,17)
object 13 16.40| 33,28] 16,22] 4 |1% %] 27 | 13 | 20,15} 29,35] & 19| 14,19
Durabllity of non- | 3427)10, 26l 17.1 ; 25,34) 10,20
16 moving object 640 | 24 | 40,33 22 |35.19 1 T 2§ 8as| ' [1608
19,35] 32,19/ 22,33] 22,35 4 10, 2.18,| 2,17.| 3.27.| 26,2, 15.28/
17 | Temperature 310 24 | 2 | 352 2.24'25'2%23-2# 16 | 27 | 16 |3531]|18,16| 85 !
ot IRE 35,19 19,35 28.26) 15,17) 15, 1| 5, 22, 2,28,| 2, 25,
18 |Brightness I a2 | 33|15, 1935 39| 28261 19 |13.16] 1, 19| 13 |Z2 1] 50 | 18
Energy spentby  [19.21] a, 1, [{ie8H 1,35, | 2, 55.| 28,26 1.15.[15,17] 2, 29, 12,28
1% | moving object 1127] a2 627| 6 19,33 27.28)%5 %8 32,24 55
2o |Energy spentby 1038 S HERE 10, 2, 19,22 i
non-moving object | 23 il 22,87| 18 .
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1 2 3 4 5 6 7 B 9 10 [ 11 ] 12 | 13
Undesired > |
Rasult | 2 2 = £ g
(Conflict) |3 |£ 5|2 [c5l@ |E B |5 % =
g =i g eo= |£ |E £ E o ©
=] B2 |6 [= |=oT a %
S (& 8 s |B olE = [} S 6 e >
Feature P = £ A5 .6 =y S =
to improve §=*g§§§>g ‘c”é“gsg—g;éﬁ § Blg| 8 8
ol =3 o (=] [=]
252 g2g|s iz gSssE| & |2 | 2| G|
8,38, [19,26] 1,10, 17,32] 35.6,] 30.6,|15.35] 26.2,|22,10] 29,14 ] 25,32
21 |Power 38,31 17.27| 35,37 19.38) 1373a| 38 | 25 | 2 |36.35] 35 | 240 ]15.31
15,6,| 19,6, 7.2, | 6,38,[15,.28] 17,7,| 7,18, 16,35 14,2,
22 |Waste ofenergy | 1925 18,9 | 613| 7 [17.30|30,18 23 | 7 | 38 | %8 39,6
35,6, | 35,6, | 14,20] 10,28] 35.2,[10,18] 1,20, 3.39,|10,13] 14,15] 3,96, |29,35] 2,14,
23 |Waste of substancef 2 45| 22.32| 10,39] 24 | 10,31|39,31] 30.36| 18.31| 28.38] 18,40| 37,10| 3,5 | 30,40
24 |Loss of information | '%2*1 %351 128 | 25 |30.26| 20,16 222 | 26,32
10,20] 10,20] 15,2, [30,24] 26.4,[10,35] 2.5, [35.18 10,37/ 37,36} 4,10,] 35,3,
25 |Waste of time 37,35 26,6 | 20 | 145 516 | 17,4 34,10/ 32,18 a65| 4 |34.17] 225
o6 Amount of 35,6, |27,26429,14 15,14} 2,18,]15.20 35,29035,14/10,36] ... .| 15.2,
substance 18,31| 18,35] 35,18 in 29 40,4 28 ¥ aLz28 3 14,3 2 17,40
- 3.8, | 3,10,| 15,8,[15.20] 17.10)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 | 11,28 10,3 | 35,19 16,11
pg |Accuracy of 32,35] 28,35) 28,28 a2,28] 26,28 26,28 32,1 213l o, .| 6286285235
measuremenl 26.25 25.26 5:16 3.18 32,3 32.3 8 32,24 32 32 13
29 Accuracy of 28,32(28,35/ 10,28 2,32, 28,33] 2,29, | 32,28, 25,10 10,28]28,19] . . 32,30 .\,
manufacturing 13,18 27,9 | 29,37| 10 |2932|1838| 2 | 35 | 32 |34.36] > 40 |90
20 Harmful factors 221] 222 [171,] | o221, 27.2,122.23134,30/21,220 13,364 22,2, | 22.1, | 35,24
acting on object 27.30| 13.24| 39.4 | 118 | 33.28| 39,35 37 35| 19,27| 35.28| 35,18| 37 | 3,35 | 20.18]
19,22 35,22]17,15 [ 17.2,] 22,1, 17,2, | 30,18] 35,28/ 35.28) 2.33, 35,40
31 |Harmiul side effecty 15 39| 1,39 16&%:1839 40| 40| 35.4] 323 1,40|27.18| 351 |27.30
28,20 1,27,] 1,28, 15,17 13,1, 13,29 35,13 35.19) 1,26,{11,13
32 |Manufacturabifity [351e]26,13| 13,17| 27 |26.12| 1840 1,40] 3 | g1 1352 1371327 1
a3 Convenience of 25,2,] 6,13, i;: 1,17.|18,18] 1,16, 4,18,]18,13] 28,13/ 2,32, | 15,34 32,35,
use 13,15] 1.25 ! 13,16| 15,39] 35,15/ 39,31| 34 35 12 |29,28| 30
; | 2.27,] 1,28, 318,115,153 2, 1,11, 1,13,
34 | Repalrabillty :fs'% 35'2,11 162,?5 33118 1£-:’5213 16. %8 §2121 1|88 g | 1 2.3 2,36
. 1,6, |18,15] 35,1,] 1,35,[a5,30 15,35 351041517 15,37 25,30
35 |Adaptability 156 |2018| 202| 16 | 20,7518 29 14 | 20 1358 181 14
Complexity of 26,30 2.35,| 1,18 14,1, 34,25 34,10 16,1, |20,13] 2.22,
38 | evice 34,36] 35,30| 26,240 25 [13)16[ 820 | ¢ | V16| 28 |2515| '35 °| 28,15} 17,19
a7 Compiexity of 27,261 613, 16,17 . | 213,239, 20.1,| 2.18,| 34, |36,28/35,36/27,13{11,22
control 28,13| 28,1 | 26,24 15,17| 30,16| 4,18 | 26,3| 16,35 40,19] 37,32 1,39 [ 38,30
s 28,26 28,26] 14,13 17,14 3513 15,32
38 |Level of automation|'yg'ag| 35.10] 1728] 23 | 13 16 28,10 2,35 13,35 451 181
o 35,26 28.27] 18,4, 30,7.[10,26]10,35] 25, [35.37 28,15/10,37] 14,10{ 35,3,
39 |Productivity 24,37 15,3 | 28,38 14,26] 34,31| 17,7 | 34,10] 10,2 10,38| 14 | 34,40/ 22,39

= L4 o/ ] LY ar =) =) 1
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= o as o ar a 9 = = %
AINNIN N-1 LL&JWSﬂ"‘]J’ﬂ'J']lJ“UﬂLL?T& ﬁ'l‘HiULLﬁ"ljiy“r‘lWﬂ'JHJ"‘UﬂLLUQL‘Nmﬂuﬂ (wa)

14 |15 |16 117 |18 (19 |20 |21 22 |23 | 24 |25 | 26
Undesired o
c 8 c
Result s | > > 5 =515 |
(Conflict) E 8% S gled 512 | Ele
s 5281, 3%5 2 5|3 |E|E |5
c |z |28 8| 8 |2S|8s 5 05 |S |5 |28
Feature 5 1Z_|E o 5258 5| e 5 E&
£ -@ o s & E S5elb g | % © o |@ (38
to Improve e |S2E8|E|2|23ec| 2|8 |8 8|8 g.g
h |(OCBOE|~ | @ W EJD § LA ERENEEE: ®
26,10)19,35 2,14,] 16,6,] 16,6, [E 10.35) 28,27 35,20] 4, 34,
21 |Power 28 |1038| '® [17,25) 19 | 19,37 38 | 18.38] 10 ' 108] 9
22 |Waste of energy | 26 i e B 3,38 o, 1q B T
35,281 28,.27)27,18]21,36] 1, 8, | 35,18] 28,27] 28,27] 35,27 15,18] 8,3,
23 |Waste of substance! ay'40] '318] 15,28 30.31] 13 | 24,5 | 12.31] 18.38] 2,91 35,10 10,24
24 |Loss of information 10| 10 19 10,18] 19,10 22?,’232 2‘5523
. 29,3, |20,10]28,20] 35,28] 1,19,] 35,38 35,20 10,5, 35,18, 24,28 35,38
25 |Waste of time 28,18| 28,18 10,16] 21,18] 26,17 19,18] T | 10,6 | 18.32] 10,39] 28,32 18,16
26 Amount of 14,35) 3,35, 4,35, 3,17, 34,29/ 3,35, as | 718 83, (24,28 35,38
substance 34,10/ 10,40 31 | 39 16,18 31 25 |10,24| 35 | 18,18
2,35,|34,27] 3,35,}11,32] 21,11] 21,11]10,11] 10,35 10,30) 21,28
27 | Rellabliity 128 525|640 10 | 13 27,19 %823 2631 35 |20,3d 1928| 4 | 400
28 Accuracy of 28,6,| 28,6,(10,26{ 8,18,| 6,1,| 3,5, f 3,8, [26,32/10,16 24,34/ 2, 8,
measurement 32 32 24 23,24 3z az 32 27 31 .23 28.32 2
Accuracy of 3,27, | 13,32} 35,31 32,26,
29 || - acty fing a,27| Vo) : 19,26 3,32 | 32.2 3225 130.24 2818|3230
30 Harmtul factors 18,35122,15 17,1, |22,33{ 1,19, | 1,24,] 10,2, 19,22} 21,22} 33,2222 10} 35,18 35,33
acting on object a7,1 | 32,28| 40,33| 35,2 | 32,13| 6,27 [22,37| 31,2 | 352 |19,40] 2 | 3¢ |29.31
. 15,35)15,22)21,39] 22 35| 19,24] 2,35, [ 15,22] 2,35,| 21,35] 10,1,[10,21 3,24,
81 |Harmful side effects 2227 3331] 16,22 224]30.32] 6 | 18 | 18 | 222| 34 [ 20 | V22| so.1
s 13, l27,1, 27 4 15,34} 32,24 35, )
32 |Manutacturabiity | 153( 5 {3516 X15° 2 18.35 153" Tore]| sasd ¥
a3 Convenience of az2,40{ 20,3, | 1,16, |26,27/13,17| 2,19,|28,32] 4,10,] 4,28, 12,38
use 328(825| 25 | 13 | 1,24 13 | 2,24 | 27.22| 10,34
- 11,1,|11,29} 15,1, 15,1, 2,35, 32,1,| 2,28,
34 |Repairability 29 |2827] 1 | %10| 3 32,19| 34,27 10,25| 10,25
" 35,3,] 13,1, 27.2, 3 18,16] 15,10 3,35,
35 |Adaptability e 2,16 | Ganl 2 g 35,28) 3%
ag | Complexity of 2,13, S 2,17, 12417) 27,2, § 20,19 10,35]35,10 620 | 133
device 28 13 | 13 | 29,28/ 14 50,34| 13,2 | 26,29 27,10
a7 Compilexity of 27.3,118,20425,24; 3.27,| 2,24, .. [ 19,36/ 15,1, 35,3, | 1,13,135,33418.28] 3,27,
control 15.28| 39.25| 6,35 | 35,16] 28 |3%33| 16 |16,10{ 15,19] 10.24| 27,22| 32,9]29.13
.| 832,23z A A 24,
38 |Level of automation| 25.13| 6,9 [l 20| 835 | 232 %57 | 28| 5y 5| 3533 35 30 35,10
29.28) 35,10{ 20,10) 35,21] 26,17] 35,10 35,20,28,10]28,10] 13,15
39 | Productivity 10.18| 2,18 | 16,38 28,10| 19,1 |38,19] 1 | 1o |29,35|3s523| 23 35,38
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27 |28 | 29 |30 |31 (32 (33 (34 (35 |36 |37 | 38 |39
Undesired 2 §
Result 0T 2z |s 5
{Conflict) gl_2s 2 -4 B | 5 |5 5
IR ER R Flg S| &
zlzElz82¢|2 (518 (3|55 (B (2
Foat glzeleRlss(s |52 (B3 (2,155 ]%
eature S |IEZIES|IEm E |5 | o °rs
s [5852(EBE|2|E.|2 |5 |EEBEl =
to Improve © gggw sl 5 |3 § g (5355 5 |8
e REISE|IZES| 2|2 |88 2|2 (88583 |&
18,24)32, 15 19,22] 2, 35,|26.10] 26,35] 35, 2. 19,17) 20,19] 19,35] 28,2, |26.35
21 |Power 2631] 2 |3%2|a12] 18 | 34 | 10 |1034| 34 |3034] 18 | 17 | 34
11,10/ 1,22]21,35} ,10
22 |wasto of onergy | %) o2 (RS2 2 T 22 e
10,20) 16,34]35,10] a3, 22§ 10,1,[15,34] 32,28
23 |Waste of substance a9 35| 31,28/ 24,31| 30,40 34,28| 33 | 224
10,28 10] 10,21}
24 |Loss of information 2§ ) '2210 ‘;3 2 |72
10,30 24,34 24,26 35,18 35,22 35,28 4,28,
25 |Waste of time 4 |28,32|28,18| 34 |18.39| 34,4 | 10,24
26 |Amount of 18,3, 13,2/ ., .3533] 3.35,[ 29, 1,]35.20
substance 28.40| 28 |% Y 20.31] 40,38| 35.27] 25,10| 10,25
\ . 3,11, 5] as, 2,0 27,17
27 |Rsliability o W st il AT
o8 Accuracy of 5,11, 28,24} 3,33, 6,35, 1,13, 1,32,|13,35 10,34
measurement 1,23 22,26| 29,10| 25,18) 17,34 13,11| 2 28,92
29 Accuracy of 1", 26,28) 4,17, 132,10 10,18
manufacturing 1 | 10,36 34.26 35.23| 32,39
0 Harmfu! factors 27,24/ 20,33) 26,28 il 24,35) 2, 25,/ 35,10 35,11 22,35,
acting on object 2,40 | 23,26| 10,18 2 |2s38 2 |2231| 2040|2040 13,24
- 42,1 3,33, 4,17, 14 19, 1.] 2, 21, 22,35
31 |Harmitul side sffects] 292! e | 4426 -2 5 A P -
- 1,35, 2,5,]|35,1,] 2 13| 27,28] 6.28,| 8. 28| 35, 1,
32 |Manufacturability 12,18 242 1318| 11,0 15| 1 | 11,1 1 |1028
Convenience of 17.27]25.13] 1,32,] 2,25, 2,5, 12,28)15,34) 32,28 1,34, 15,1,
33 | ise 8,40 | 2,34 | 35,23 28,39 12 132] 1.16] 12,17 123/ 28
o 11,10] 10,2, a5, 10} 135,] 1,12, 7,1, 4| 35,1, 34,35) 1, 32,
34 |Repairabifity 196] 12 |10 26 | 11,10| 26,15 16 | 13,11 713| 10 |
. 35,13] 35,5, jp 1] 35,11) 1,13,]15,34] 1,18, 15,29 27,34) 35,28,
35 |Adaptabllity 8.24] 1,10 32,31 31 | 1.18] 7.4 a7zs] ' | 35 | 637]
Complexity of 13,35] 2,26, [26,24]22,19{ o 127261 278, | ., [29.16 15,10] 15, 1.[12,17)
36 device 1 |[10,34] 32 |20,40 111,13 | 28,24] 28,37 37,28| 24 | 28
Complexity of 27,40) 28,24 22,18 5,28, 15,10 |
37 | ot 26,8 | a2 28]l 1 20,20 2.21| 71%| 25 |1228) 115 | 5720 34, 21|35, 14
11,27 28,26 28,26, 1,28,| 1,12,| 1,35,| 27,4, 116,24 34,27, 5,12,
38 |Level of automation| x> |10a4|1823] 233| 2 | 13 | 3a3| 13 | 1.35| 10 | 25 35,26
1,35,| 1,10, 18,10) 22,35/ 35,22 35,28 1,28, 1,32,] 1,35,|12,17)35,18] 5,12,
39 |Productivity 10.38| 34,28 32,1 | 13,24| 18,39 2,24 | 7.19 | 10,25| 268,37| 28.24| 27,2 | 35.26

= o LY o o s/ o = o |
AINAIA A-1 LamS NER MU AL mwsmmﬁ&ywm’nmmufwmmﬂuﬂ (7D)




	Titlepage
	Acknowledgements
	Abstract
	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Reference
	Appendix

