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PAWARIT SIRIWATTANAMETHANON : IMPROVING MAINTENANCE
OPERATIONS ON RAW MATERIAL CONVEYING EQUIPMENT USING TRIZ.

ADVISORY COMMITTEE: RUEPHUWAN CHANTRASA, 2024.

The objective of this research is to improve equipment used for conveying raw
material in the construction material industry and establish standard procedures for maintenance
by applying Theory of Inventive Problem Solving (TRIZ). Research methodology consists of 1)
studying the maintenance system of raw material conveying equipment of the case study
company 2) collecting data and prioritizing problems using a Pareto chart, 3) setting goals, 4)
analyzing the causes of the problems with Why-Why analysis and 3 GEN techniques, 5)
concluding the results. Results from the study in 2022 showed that problem occurred at sieves and
vibrator base used for filtering raw materials resulting in a high maintenance frequency of 28
times. The causes of the problem are the improper shape of the sieves and the installation position
of the sieve vibrator including the carelessness of the worker to turn off the vibrator. This
research solved the problems by applying TRIZ as guidelines for designing new sieves and
applying Total Productive Maintenance (TPM) in establishing standard procedures for
maintenance. The results of the improvement during May-November 2023 showed that the
frequency of sieves maintenance decreased to 3 times equivalent to 6 times per year
approximately, achieving the goal of less than 14 times/year. The MTBF increased from the
original 171.67 hours to 1,055.91 hours and the MTTR decreased from 3.04 hours to 2.55 hours.
It can be concluded that TRIZ can be applied to improve the material conveying equipment by

significantly reducing the maintenance frequency.
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Uswndymuaziunios nie luiliinToatnside (Breakdown) Taon1ssananssy
hyessneniimanauwunazivua 3arnth hvanevesmsgenthzenuumu Ae nsaa
NAMgANINIUYDUATOIINT (Downtime)
43 M315v13unn1zi509 (Focus improvement) 1150 KOBETSU KAIZEN
=) -d' d’ 2 d’d 1
AMUNNIYDI KAIZEN Aemsilasuudauneaenani
Y Y
4.4 MIVINITIANTALAVUADUNITOBNUUY (Early equipment management)
A [ - [l =] Y ) @ 4 A Ax
A M3dsvlgamseenuuveinsallvi TaeFougunainmsthgeineiginsaimsnaand
szansna
o [ . . < @
45 M31395NEIAUAUNIMN (Quality maintenance) (HUMISTABIAUA NV
a Yy 9 a d' a = é o 1 a 1
AumaemsnsmanuRanaanIzranvouTseonu ¥ ligmanannugalarlu
MIHaNAUM
= = o o o < [ Y -y =
4.6 MIANYIAZNTHNOUIY (Education and Training) (UM Inwiinaui
Y A v Aad 9 o Y A @ (] Y
ANVIALINVITNT 1H1U 1az11FITNBUATOIINTOEYNADY
@ [ ; < o
4.7 msmmﬁﬁ’mmmﬂaema (Safety, Health and Environment) WunNsIAns
A 9 a d' o w [ d' d’ [} Y o a A o
gunaaeulumsnaa men1dnfateN@enUNEANUVHLTIINITHAA ABNITIN Sa
) [ o w I o a a
4.8 M31NFAFAYIENINNY (Office TPM) 1 UMIUIMUIAA TPM MIUTHI3
M3 IuaIuveId1inau
5. mydadszanswanmsweniinge
< o 4 <
5.1 MTBF (umsinaussauzanuione 1a (Reliability Performance) Tagiiu
A A A [ o 9 a A [ A A A Y
naundsinsostnIamsnanldamilng Taensesdnsntiaussouzguions Iags
K A d' t‘ﬂ 9 [ ] 1 o [ A A 1
M18090A1T MTBF 817114 B3 MTBF 3ngnda 1uitienal iy 52109 71 %591 A1 MTBF
A = ¢ A A a a A A
NganaaadginsaivsessuuniaNE@dsI gz inNU YR D
9
Tagausomuia laaall :
L’Ja”lmaflizﬁ’jﬁm’i%ﬁﬂ (Mean Time Between Failures: MTBF)
n
._ . BF;
MTBF = Lz P 2-1)
Taeil MTBF Ao 5282110 1000521I19NTH3A

A S
BF, 19 32820 1NATDIINTNINIU
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2. MTTR Lﬂumimmﬁmmmmsmgﬁﬂ‘m"lﬁ’ (Maintainability Performance) Tag

=

3 1 ~ 9 ] A o = 9 o o YA 1
Wunundsvowrarilglunisseuusuinisedns Fadiaussausmsiigein lataiga
=R A A gj A 9 g’z 1 A [ v A 1
NU1eDANAT MTTR Ay Ao THnardulumsseuisunisadnsuas auIsonauaAuganIn

1 4 H
wnlandennEuihnmahgeinediotuaou tagnsnensnmua

=~

Tagaansosmuin laaail

naunaglun1s¥en1inge (Mean Time To Repair: MTTR)

MTTR = 2=l

(2-2)
Taegn MTTR 79 3282 UNASUVDINTFOULYUIATOIVNT
A d' 1 ) 4’ [}
7,710 32821701N N1 UAT0IINT

A o g’/ A A 3 o
n A8 VTUIUATINATIIINTH 1A

D . .
N3% (TRIZ : Theory of Inventive Problem Solving)
IS o 1 [ ’ ; . '
TRIZ WumgonnmuITaise (Teoriya Resheniya Izobretatelskikh Zadatch) wilan
= a a A % [
noumaudynuslszAugAadu (Theory of Inventive Problem Solving) BgnHAUILIAY
a a o o 4 ~
AnauIag 1N13A 0anYaLao7 (Genrikh Altshuller) (193] a.91. 1946
A d aA = A A YA
madlungunyadenszuaumsud lvlly nseiionss uazgiuanudnlylu
a a Ja o I 4 o
msudlyrudalseavinadu aunsni il wiuuuamanedumdaoulumsud luilamn
1 A a dal gJ/ [ a A [ a [ L 1 ] 4
a1 navy N lumslsulganssurumsnaanse lumsnannraan e 1y (1551 29a0
% 9 a d‘ a dal d' d‘ [ A é alddal
W1, 2561) Tasanuvaugamamatianinayuiemweeunzlivlyqaantianielvavu

Jan Jd o

1 Y] [ Y wa & 1 2 a =< ] a 9
lmﬂa‘UﬁﬂNﬁiﬂﬂﬂﬂmﬁMﬂﬁﬂuﬁlLﬂad (mgguiuﬁu NWUFUIUM, 2551) “INGl,LlﬂﬁuTﬂi“h' 1!16],6]5
[ A a

g}/ a [ % ~ o 4 a
Glumiuﬁ'”l"uﬂﬂgmuui]x@gfmwmimwﬂmﬂ tazaulsndinw Ao WSROI NIIAINTTY 39

1)

1 [ Y 9 a a Ia 9 =} Y] 9
9619 Laznan,M3 40 vo lumsudyruilszavgaanu eud luanudauds
.o A da 2 A A (o A a s &R Sildtg
(contradiction) MamAiAMAAYMNo NNV auTavealiwesnia1vauY
] ] v YN a . % o I '
uanduanaliauauiAvesnlimesondadesas Tasinaueiilua1i19uuia 39 x 39 ¥o4
Fon1 MINaNUTALdIMaUnaila Tagd10619ANNTALEIMIINALA 1Y DA 0INTINY
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= a

Tuiernsvudula (S.D. Savransky, 2000)
Ismail Ekmekcia and Mustafa Koksala (2015) lana1niuihviunevianuesdinis Ao
Y a9 a A J an a dg! XY
msaurIsuatnlugauaaniennuauyseinuy Taedsnmsueanss Iuegny
&} A ] 9 4 Ex] o 9
nszUUMINugIv 4 Usznsae anudauds anvauysainuy fandunsiiau uazms 19
NTNYINT

1. Fsunfayrinlaely TRIZ

9 a

v Jdaa 4 9 1 1 a a =\
WUHNIUIUTU NUTUIUAT (2551) ‘lﬂﬂﬁTJ'Nﬂ"IiLszlml"Uﬁﬂ]uﬂﬂ‘b'\‘ll'ﬂﬂuﬂ‘"’EN TRIZ U

q
9

gl) 9 v A
Tugaulumsunilymasi

& A a 4 a < a s A o @ wa

Pupaun 1 IAHIzvUMANAln Wumsinnziiiemvuadnyuzauiinue
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szuuisuiludesdimsdivilelae
4
1. WenlszneuveITEUL
Y o
2. szyauvg Ingany

o v wad Y o
3. ﬂTVi‘L!ﬂﬁﬂ‘Hmgﬁﬂﬂﬁﬂﬁﬂﬁﬂ1iﬂiﬂﬂ§\1

g‘/ { Y o 9 a @ v @ 1 { 1
mumuﬁ 2 ISUUDVALLINNININAUA ﬁguﬁﬂ‘]&lmgﬁNU@]"U@\?'N]QU'I\?@fJ'Nﬁﬂgllﬂﬁ\‘l
[ @ A 1 YA dal a 4 a 1
1uﬂlm$ﬂ1ﬂ1iﬂiﬂﬂgﬂﬁi\lﬂﬁﬂﬂ@‘(’J'l\?ch’i@‘(’NGllui]'lﬂWWi'liJm'f)iVl'N'Jﬁ')ﬂ‘iﬂJ 39 9N
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UYUABDUN 3 Ll,fglﬂlsllll"ll@ﬂlﬂlw\wn%‘ﬂﬂuﬂ 'J‘ﬁl,l,ﬂ‘]jﬂluﬁ1ﬂfl DIAYNANNIT 40 UD El,‘uﬂ'li
Y a a Jda 9 - . _ Ay v a J Y Y
Llﬂﬁﬂluﬁ'lﬂ)'\iﬂi$@‘ﬂjzﬂﬂﬂu (Inventive Pr1n01ple) V]hlﬂﬂ'lﬂgni'l\‘illﬂﬂiﬂclfﬂ'J'liJGUﬂLLfNeUfN
Aaaia 39 0819

2. 5ZAUTUVRINMSUN YW IMUUNGY (TRIZ)

9 v v '

Fuf 1 uenuuun 11 (Routine Design) titlyrunmiznii Iasld35nsh
9 A t4 o & = @ dyw (=] 13
Auing vieanlszaumsal anusngmwizni lumniu q luszauiids iGeniuiu
msadnlseavgnssulmi

g}.l d' % 1 =S ] a . . . .

¥uh 2 U5ualgeaivlangesvesszuuiay (Minor improvements to an existing

Yo Aq Y & a g}/ .. . v 9 1

system) Tagl5357 1992 11 Tugaavnssuriiariu 9 wagns optimization Tadeaiua1s 9

g}/ { o o I

¥uh 3 13 Uﬂ’;: dlaseadavan (Fundamental improvement to an existing system) 11l

Y A4 9 o v E vy

M3unyriNazdeI91Asn1IUFNNNMAYATIMATINDY ] MIFIBAIY

g}/ ~ 9 a [ 4l 1 . A Ao

YUN 4 aiwwa@mmmguiwu (New generation product 39 new concept) Taendang

o v [ Yy A [ . a A g 9
ANVEINTo lumMsmhlanTuranag 9 Ul@l“ﬁllﬂuﬂ’ﬂ generation Ay wsolumsasne
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Y 4 _a v 1Y ' . . . =) .
FUN 5 AAAUNIANTTU MU (Scientific discovery new phenomena ¥i3® pioneer
invention) AM5UANNAINIVITEUD MR Lilnetiuney
Y] o w g‘/ 1 I @ X
wanmsved TRIZ i 1 lumsuddym ludaudui 2, 3 uag 4 Hlundn a9
1 1 a gj { { A <3 a 1
Altshuller na12'1931 90% voulyv lumamatiansnareiny Naswdinaetdyruan q 0
= 9 0o < Y A A & 1 Y k) A o A o w g
weligud lududauds o dladniiautouudl srnnsansoNazduivaudauIuYea
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msunlaym vinms lsseaumsal anwniamwiznivesau laudsnnudnnumvas
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< ' Y 1 ' o v q P 4
NYUDIN ﬂﬁ]z‘W‘U’J'Iﬂﬁ!LﬂﬂﬂJu‘Vi'l’ﬁ’JLlGL‘Vif,lluﬁHJ'I’iﬂuﬁﬂ‘ljiiﬂ“lﬁ]']ﬂﬂ’ﬂug‘ﬂllE]ﬂﬂmslu’ﬁlﬂﬂﬂi
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1 [ Y 1 1 a 4 Y [
ﬂ?ﬂiﬂﬂ@ﬂ@ﬂﬁ1ﬁﬂiiﬂl€]ﬂﬁﬂu LLﬁ%LLN!m%WﬂﬂQNQﬁﬁ1ﬂﬂiiﬂ%uﬂau1m%uﬂu Iﬂﬁl?ﬂiﬂiﬂ

° 9 & Y I [ - . .
i]'ll,!,uﬂl,!,u'31/]'1\1ﬂ'lﬁllﬂ‘]jiUuW'l‘VNﬂﬂJﬂ’E]@ﬂulﬂlﬂu 40 waﬂmiﬁugm (Fundamental inventive

4

A 4 % o { A 9 a 4 < 1 Y o a

principles) 11 39 @au1l5 (Parameter) NNoavo lumsdnsevtam Fazrelninlseavs

@ Y = AYa Y o ' Y o A 7
annsalsgrdanarlumsmuuamemsuniymnneigaaaud s annaunad (aigas wad

4
919138, 2558)
a d a U
3. WNADITMIIAINTIN 39 8819

3.1 ihminvesingFunaoui (Weight of moving object)

ﬁo& ﬁoﬁ
-

3.2 1wﬁﬂmm’j"¢1qc§0”laju,ﬂ§auﬁ (Weight of nonmoving object)
3.3 mmanmmi’ﬁqéamﬁauﬁ (Length of moving object)

3.4 mmarmaﬁﬁqc?;ﬂajmﬁauﬁ (Length of nonmoving object)
3.5 ﬁuﬁmeﬁ@qédmﬁauﬁ (Area of moving object)

3.6 ﬁuﬁmeﬁ@]ﬁﬂmﬂéauﬁ (Area of nonmoving object)

3.7 ﬂ?mmmaﬁ@q«?}mﬁauﬁ (Volume of moving object)

3.8 ﬂ?mmmaﬁ@q?}ﬂﬁmﬁeuﬁ (Volume of nonmoving object)
3.9 ﬂ’:ﬂll!%? (Speed)

3.10 1459 (Force)

3.11 145999 159A Y (Tension, pressure)

3.12 31379 (Shape)

3.13 1@DgINNVDIINY (Stability of object)

3.14 AMULAILTI (Strength)

3.15 ﬂ’nwumumaﬁmﬁmﬁlauﬁ (Durability of moving object)
3.16 mmwumumaﬁmqG'T;d"lajmﬁlauﬁ (Durability of nonmoving object)

3.17 Qﬂ!‘lﬁi{]ﬁ (Temperature)
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3.18 ANNEIN (Brightness)

3.19 wé’wmﬁcl%mlﬂTﬂﬂﬁ”@qéamﬁauﬁ (Energy spent by moving object)
3.20 wﬁ’muﬁclﬁi’s’”lﬂTﬂﬂﬁ”@q«?}a”bjmﬁauﬁ (Energy spent by nonmoving object)
3.21 Ma3 (Power)

3.22 maqwﬁw'lﬂmmwﬁ’wu (Waste of energy)

3.23 msqauu?m"lﬂmmﬁmi (Waste of substance)

3.24 miqﬂuu?m"lﬂmwﬁ'auua (Loss of information)

3.25 magadesliueeuial (Waste of time)

3.26 NUIUVITA1S (Amount of substance)

327 Aanmiiede (Reliability)

3.28 ANNLNUEIVDINITIA (Accuracy of measurement)

3.29 ANUUNUGIVOINTHAA (Accuracy of manufacturing)

3.30 ﬂiﬁ‘i’ﬂﬁum1ﬂc§0ﬂizﬁma§@q (Harmful factors acting on object)
331 Thivsunsefianan (Harmful side effects)

3.32 ANEINNTD IUNITHAN (Manufacturability)

333 anuazainlumsly (Convenience of use)

3.34 AnudazaIn lUNssouLwy (Repairability)

3.35 anuasalumstsudaald (Adaptability)

3.36 ﬂ’JﬂJ‘ﬂ;’/‘UGf’f}@uﬂJ@QQﬂﬂiﬂi (Complexity of device)

3.37 ﬂﬂﬂJ‘ﬂ;’l‘U“Igf}@WlJ@Qﬂ”liﬂ’JUﬂIM (Complexity of control)

3.38 SLAUVDIANNOA IULA (Level of automation)

3.39 WaANIN (Productivity)

a

[ 1 a Ja
4. nanmInug 40 Yo lumsndayruFalszavgandu

v <3| v o & 1 ' . 1 <] J
4.1 msuusentuaius vutluaiuges (Segmentation) 1¥u Uszuavaen aud
ndvsnegll
42 MIANADDN MILENDBN (Extraction) 15 103091/ ALLEN
4 <3 1Y
AN ITes 11uono1ms Aovaluegi1aluens
43 auaulialszsdn (Local quality) 15u msindeuAuietlosnumsdnniou

nio lihldaan
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] ] o/ t:‘ zi} a A zﬂ' a Lﬂl ti'

4.4 anuliauinas (Asymmetry) 19534 Y5ulasunualtlamsostuien)asu
AMANTANITENAD

4.5 MITINAAAY (Combination) (¥ FRNEIAZUIATI

o 4 1 a 4 ?‘:’

4.6 M3lFnunaInra1einglizasa (Universality) 15u a3ad 1inostimion

AlawaauszuigeIne
Yy o g & . ' 9 o
4.7 Mmsgounuiuyu 9 (Nesting) 15U adunilinse e
¥ v W s 1 A v A v 9
4.8 MIMUUIHUNAY (Counterweight) 13U (oMGAL INusad19 1Y

3 ) ' 9 . 4 ' Y
4.9 NMINITNINDATUAINY U (Prior counteraction) 4% 1/]1ﬂL%3Jﬂul,!,@1ﬂ, ﬂ']ﬁaﬂ

INHU
o 1 Y . . 1 1 dy A A o
4.10 MINTLNIAINU (Prior action) 1¥Y NITHUYFD 1A DINOUNNE
b
4.11 M31leariuan (Cushion in advance) 151 1oy IuG 0
Y o v Jd 1 o " o 1 a Y o A
4.12 lewasnudndininy (Equipotentiality) 14 viguilasuiingdunsog
4.13 MNFUNANI (AFVIINGUNI) Inversion) (FU NATBUTIAIINTOAAIN
. y
Augualuii
< . . 1 o s (a
4.14 anuiJunsanay (Spheroidality) 151 MIUFVANUYUVDBAUFII Y
AaANIATILAY
I o ] 3 v I
4.15 anuidlunata (Dynamicity) 1y ihdwuny'ld
o 2 I [ a . . y [
4.16 ﬂ”IS‘VHﬂSEJWL’IJU‘]JNZ’HUTﬁ'@]ﬂﬂLﬂull‘}J (Partial or excessive action) (¥U N1
nudsalaelday
4.17 Lﬂﬁﬂu"lﬂzjﬁa“lmj (Moving to a new dimension) (U MTINFOU
Y 4
ANDUMUIUDS
o A a . . . ' ' + o 9
4.18 MTAUALINDULYING (Mechanical vibration) (¥ mswenszilesanonly
U

o a [V . . . 1 Y Aa
4.19 M3nseiuiludanag (Periodic action) 15U M3 IMaes lasuvossognau
[l A o A J . . . '
420 ANuaeteIveInIsnsemiiulse Towy (Continuity of useful action) }%U
% A A
mMsUseneusneua luaenIunaaun
421 M3N51H10619304 17 (Rushing through) 1HU MIFBTIE, MdaReu Tans
{ ) 3 o ' a
4.22 nlasusunsielmiluilsz Tewd (Convert harm into benefit) 191 AITHAN

Tvlhonadu, au
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v [ v ] v [
4.23 ﬂ'lﬁﬂ’é]uﬂa’ﬂ (Feedback) 15U ﬂ']ﬁ@]\‘1‘ﬂ']Glﬁ}‘]jﬂJuTﬂTﬁWULﬁ@igﬂ‘UUTQHﬂHﬂ')']

o

~ ) 2
szaunmuua’ls
Y v . [ 9°/ v a J %’ Y %’ 9°/ A o
424 19870819 (Mediator) 134 115 UMeS, 1Ko waziheuasealSueine

v
=\

1 (% 1 o A 1
4.25 MI¥IINDN (Self-service) 1¥U fJ'N'ii]EJ‘Ll@]dwﬂﬂlﬁuﬂﬁﬁ'ﬁfﬁﬂ“}fﬂml%u

Aueeld

426 M3AONIUL (Copying) 15U 1A30I10IONET

427 1udhing (Inexpensive short life) (%% IUATLAY, FOUNATAN

4.28 Lﬂﬁaummmuizum@aﬂa (Replacement of a mechanical system) (%1 117
Useausoouna

4
o w W

9 9 @ 0 .
4.29 161153UUﬂ%UﬂMﬂ’JﬂﬁN@ﬂﬂ%ﬂuWnu@ﬂ (Use pneumatic or hydraulic
1 Y o A v o = 1 1
systems) 51 ﬂ'l‘i61“])”[,]‘\1a3Jﬂ‘Llﬂi3LW]ﬂL‘WE]ﬂ’ﬂ\1ﬂL!W'ﬁﬂlﬁﬂ’ﬂ'lﬂslui%ﬂ'l'l\iﬂ1iﬂluﬁ\1

1 ad A [} A 1 d' . . [] a
4.30 uwu%lauﬂﬂwqummmuwaw (Flexible film or thin membranes) (BU Waw

HoODINg
Yo A d . ' Y}
431 147aqilugngu (Use of porous materials) 151 1dnsos
4.32 M31asue (Changing the color) 151 MIIAYUHYNUVUUD VT
I dy = o . 1 Y I o a

433 anuEluiiioRednNy (Homogeneity) 154 Bolt ttag Nut Apuiluidawiia
= [
RN

Y Y v
4.34 ﬂﬂGvumuaaﬂuazﬂuw“ﬁmwwam (Rejecting and regenerating parts) (51
H v Y

1529UdINgNUaos NanaInINd I U INMATUGH 19 IN S

435 msuﬂammﬁuﬂ’a (Transforming physical or chemical states) 1% ﬁﬁlﬂﬁ\i
9 @ [
VVVYS LTI

= .. ' ' Y [} @ Y
436 msagudaniue (Phase transition) (¥U UAUANNTOUF ST LN A
437 MIVEUAULBIINANNTDY (Thermal expansion) 15 ATVEERID
L 4 a 4
ll@aﬂ'ﬂaﬂaGlUWaf]ﬂLﬂ@iiJ@Nlﬁ@i
a a Il < 1 a 2

4.38 1UDDNFIUDYINTIALT (Accelerated Oxidation) IFU NITLAN oxygen WL

IdnuirmelSulamamn'lud
9 A A . [ %

4.39 anuuInaouNRed (Inert environment) (HU UiﬁﬂqWﬂNalliJ%l,uG]ffN

qYYINA
1Y ' { @ { o a 4
4.40 YaWEY (Composite materials) (%1 Lﬁamiwﬂuﬂizquﬁmmﬂwaamm

{ 1 % 2 = g C
ﬂﬂﬂiWﬁﬂﬁﬁWNWiﬂﬁ@WﬁQQWHﬂ%ﬂ%%Wﬂﬂi%’qulm%“lf’)fl@@“])”ﬂwaﬁ\ﬂu UAUHITUNLIUN
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5. szlaviives TRIZ
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5.5 ot TyrnINAIUMTHAR
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v s X
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a

L a  Jd A o s A = L
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J @ a J a
auqunszan Wihwesdesoeud Tagldnanmsinizdaniguoalymalounugi
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Y 1 A Y (v Y A [ = A 1 Y a
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Ekmekei and Koksala (2015) lTaisuunanufieFunennimans 1y TRIZ Tums
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v Jdaa Jd o a Y o = X% o o % =

AlnguIUsU WUFUIUA1 (2551) TavhmsAnyidemswann Tdsunsudmsungug

FY a a Ia 9 A v s A o a oA
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1 [ a [ 4 o o a
elunszuiumsesnuuaziannansus laslumswannldsunsyldiimaiia QFD
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CNMINUeLIngFUAToUR (Weight of moving object)

oy

% QU Z'ﬁ

hminvesiaga lumaeuil (Weight of nonmoving object)
. ﬂ’JﬁJEJH"‘IJ’fN’S@]Q%QLﬂﬁ@Hﬁ (Length of moving object)

. ANNEVDIIAYT 1itAAoUN (Length of nonmoving object)

b v [}
A A [ =

NN TUAAOUTN (Area of moving object)

L)
k2 1 ] ]

A A o & A A ) .
. Wuﬂmﬂﬂgﬁﬂ‘:}f\iqulﬂﬂ@uw (Area ofnonmovmg object)

L)

=

. ﬂ?mmmmﬁ'@qmmﬁ@uﬁ (Volume of moving object)

Y511A509999939 laitndoui (Volume of nonmoving object)
3
A1UL37 (Speed)
. 1193 (Force)
15999 LTIAU (Tension, pressure)
gﬂi'N (Shape)
108N INYDIING (Stability of object)
[
AUUV9LS (Strength)
ANUNUNUVDIIAYTUATOUN (Durability of moving object)

o Ay A 4 r A
mmwumummmqm"lmﬂa@um (Durability of nonmoving object)
’qnmgﬁ (Temperature)

A214@19 (Brightness)
waaun 19 11 Tneingrundoud (Energy spent by moving object)
wasnun 19l Taotagaa lun@oun (Energy spent by nonmoving object)
194 (Power)

= [
miqtymﬂ”lﬂmmwawm (Waste of energy)
maygaydelivoaadns (Waste of substance)

msgadelivesdoya (Loss of information)

miqtygﬁﬂ"lﬂmamm (Waste of time)
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NUIUVDIAAT (Amount of substance)

A i uFede (Reliability)

ANVLNUGIVDINITIA (Accuracy of measurement)
ANUUUUIIVDINTHAR (Accuracy of manufacturing)
ﬂ%%ﬂﬁumiwﬂc§0ﬂizﬁwﬁ®§mq (Harmful factors acting on object)
Tasosunsofiniuin (Harmful side effects)
ANVEIWNITDIUNTHAA (Manufacturability)
ANuazaInlums 19 (Convenience of use)
ANNAZAIN TUNITHOULSY (Repairability)
ANua3alumslsuaa e (Adaptability)
ANUFUFOUVDI9INTal (Complexity of device)
ANNFUFOUVDINITAIUAN (Complexity of control)
SEAUYDINNNOA 1ULA (Level of automation)

WA N (Productivity)
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‘Which properties of the system 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
change for the worse ?
3
3 o s 3 T g 2
3 3 I ; ; a
Pl Bl |B| 2|2 g8 N
i3 2 g 2 L g S 2 ° 2 2 £ €
2 g g 3 8 2 £ g H 3 H £ & B
H g H £ g a 3 £ 2 g g E @ -
g £ g £ H g | £ £ & ke s | 5 | 8 < H
) . 5 5 s 5 E E S ] & 2 = z 3 B 2 b
‘Which properties are to be z z £ £ k-] k-] 2 2 2 g e z 5 2 3 -3 s B
‘ 3 £ ) H H i 2 ]
improved? 4 3 H § H £ 2 2 :g s s & g 2 a a E’ = E
. 15,8, 29,17, 29,2,40, 2,8,15,[8,10,18] 10,3, | 10,14, [1,35,19,| 28,27, [5,34, 31, 6,294, 35,12,
1 |Weight of moving object o 2934 38,34 28 8 37 | 3740 | 3540 | 39 | 1840 | 35 3 |19 132] 5y a9
101,29, 35,30, 5,35, 14, 8,10,19] 13,29, | 13,10, [26,39, 1,|28,2, 10, 227,13 28,19, | 19,32,
2 |Weight of immobile cbject 2 35 13,2 2 35 | 1018 | 2914 | 40 27 6 | 3222| 3 -
3 [Length of moving object 813 - 15,17,4 T 14,817,104 1,835 | M50 RIS B II gg el w2 |sam
] .2, 17.7,10, 35,8, 13,14, | 39,37, | 15,14, 3,35,38, _
4 Length of immobile object 4020 + 40 2,14 28,10 [1,14,35 15,7 35 28,26 1,10, 35 18 3,25
) 2,17,29) 14,15, 714,17, 29,30, 4] 19,30, | 10,15, [5,34,29[11,2,13,|3, 15,40, 15,32,
5 |Area of moving object . i . 4 S IRl RV z T 29518 % [ 1022
6 |Area of immobile object 0214 B18, e sl 10,1 23 | 40 215,19 383 -
2,26,29) 17,4, 17,4, 29.4,38] 15,35 6,35,36[1,15,29 |28, 10,1,|9, 14, 15, 34,39,
7 Volume of moving object 40 35 17 + u 26,37 4 39 7 6,354 10,18 2,13,10 35
8 |Volume of immobile object 3159"& 19,14 35‘&'2‘ - 2,18,37| 24,35 | 7,235 ?5'2.% 9";‘5'7' 35553" 35,6,4 -
2,28, 13, 29,30, 13.28, |6,18,38 35,15, |28,33, 1,| 8, 3,26, |3, 15, 35, 28,30, | 10,13, |8, 15,35
9 |Speed 38 13,148 3 nxm S |se | a0 | s | 18 | wa 5 2 | 19 | 38
8.1, 37, 18,13, 1|17, 19.9, 19,10, |1, 18, 36,15, 9, 12,2, %, 16 13,28, 18,21, | 10,5, | 35,10, | 35,10, ®0, | . | e
1o |Force i |2 | e [B) s [Tw | e Ty sz 11| 03 | T | Gaor | 02 2 10
) 10,36, | 13,20, | 35,10, [35.1, 14 10,15, | 10,15, 3, 35, 354,155,332, 9.18,3, 35,9, 14,24,
11 [Tension, Pressure 37.40 | 1018 | 36 16 | 3,26 | 3637 [535.10] 35.24 [6.3535) T v 0 P T 92 | - |07
5,10,29) 15,10, [29,34,5 13,14, | 5,34.4, 1,4,15, 35,15, | 35,10, | 34,15, 331,18, 30,14, [14,26.8, 2,14, | 13,15, | 2,6,34,
12 |Shape 40 | 23| 4 107 | 10 2 |"2%| wg || 0| * 4 | wa| 2 1932 | %2 14
; ) 21,35,2) 26,39, 1|13, 15,1, 28,10, | 34,28, | 33,15, | 10,35, 21,18 13,27, [39,3,35, 32,3,21)
13 [stabitty of object oz a3 C AN ERTRE IR Rl - IRl b EXCP] o + [mss| 122 (3923655 4,5 BN 4349
1.8,40,| 40,26, [ 1,15,8,| 15,14, |3,34 40, 10,15, |9, 14,17,|8, 13, 26|10, 18,310, 3, 18| 10,30, | 13,17, 30, 10, 19,35,
14 |Strength w5 | 71| 3 || 2 %408 a7 | s 14 " 0 | 3540 | 35 + |7 | B9 Ty
15 [Durabiityof moving object ('3 34, 219,9 317,19 1021, 3355 |12 1610327) W |naxslzman] - 1938|2104 (03
16 | Durabiity of immabile object 6'2&'9 1,40,35 35‘:334' 39;"335- P ‘3%:% -
22,6 22,35, 3,35,39, 3,39, 2,28,36]35,10,3] 35,39, | 14,22, 10,30, | 19,13, | 19, 18, 32,30, [19, 15,3,
17 |Temperature 33 3z [18.19.9]15,19.9 /77,7 35,38 | g | 38.6.4 |7y 20| 192 | 1932 |V 2| a0 | 3 |3a0 | * |2 | w7
18 |mumination, Brightness 19,1,32| 2,35, 32 19@2. '2632« 2,13,10 ‘°i;3< 26,19,6 32,30 |32,3,27] 35,19 | 2,196 ”@i + [32,1,10
) 12,18.28 15,19, 35,13, 16,26, | 23, M, 19,13, | 5,19,9, |28, 35,6, 19,243,
19 |Enersy spent by moving abiect |'233 12,28 e " g.38.08) 0 | Bl a0 00|50 B0 2321519 -+
20 |Energy spent by immobile object 1958 36,37 Vel I bt I
5,36,38) 19,26, [1,10,35, 17,32, 262,36 22,10, 29,142 35,32, | 26,10, | 19,35, 214,17, 16.6,19,
2 |Power it Il A 1920 | {50 56,00 20.6,28 |15, 35.2| %8| 21 el ARG 217 16,6,19] .5,
15.6,1919.6,18 7.2.6, 15,26, [17.7, 30, 16,35, 14.2,39, 113,32
2 |Waste of energy 5 5 A ewr| BR[TR P ren| 7 o | a3 2 ) 19,387 1%
35.6,2335.6,22| 14,29, 35.2,10| 10,18, |1,25,303,39, 18] 10,13, | 14,15, |3.36,37,|29, 35,32, 14,30, 35,28, |28,27,3 27,16, | 21,36, 318,
2 [Waste of substance a0 | 32 | 1039 [ 5 a0 | T [ | 2638 [ a0 | 10 5 0 | 30 | 18| 1 | e [ 613 s
24 |Loss of Information “‘éé" 10,355 1,26 | 26 | 30,26 | 20,16 2,2 | 2632 10 10 19
) 10,20, | 10,20, 30,24, | 26,4,5. | 10,35, | 2.5,34, | 35,16, 10,97, 4.10,34[35,3,22,[26,3,28.| 20,10, | 28,20, | 35,29, [1,19.26) 35,3,
25 |Waste of Time 37.35 | 26,5 [1%229) a5 | Te | ira | w0 [ 3218 35 |34 5 18 | 2818 | 1016 | 2118 | 17 | 1918
35.6,18) 27,26, | 29,14, 15,14, |2, 18,40 15,20, 35,29, 10,3, 15,2,17, 14,35, [3,35,10, 3,29,
26 | Amount of substance 31 | 18.35 | 3518 29 4 29 aaze |53 as | BY T a0 | |22 16,18
. 3,8,10,| 3,108, [15,9, 14 15,29, | 17,10, | 32,35, |3, 10, 14, 21,35, [8,28,10] 10,24, |35, 1,16, 2,35,3, |34, 27,6, 32, | 21,1,
27 |Reliabilty a0 28 4 [ 2897 | raee [ a0a [T e (23 di | | ase [ m .28 ["98 P e IR Pl AT
32,35, | 28,35, |28,26,532,28, 3| 26,28, | 26,28, 28,13, 32,35, 10,26, |6, 15, 28,
28 |Accuracy of measurement bl ol s ol Vil VR XY oo | 22 62 32]6 232 P 206,322 6.32) 1% 52 6.1, 32 3,632
28,32, | 28,35, | 10,28, 28,3, [2,29, 18, 2510, | 10,28, | 28, 18, 2,%,
Accuracy of manufacturing el ROl BV PR ool Rl E RPN Pl EVBVE IEEC Rotal VRN IE R EF- 1026 | 332 | 22
) | 22,21, [2.22, 13|17, 1,39, 221,33 |27.2,39) 22,23, | 34,39, | 21,22, | 13,35, 22.1.3,| 35,24, | 18,35, | 22,15, |17.1,40] 22,33, |1,19,32] 1,24, 6,
Hamful factors acting on object | o7 3 | "4 4 118 15 3 | 3735 | 1927 | 3528 | 2918 [22¥| T 3008 | w1 [ 3328 | w2 | 27
19,22, 35,22, 1] 17,15, 17.2,18, 30, 18, |35, 28,335, 28, 12, 33,27, 35,40, | 15,35 | 15,22, | 21,39, |22,35,2,| 19,24,
31 |Hamful side effects 1539 | 39 | 18,22 3 |R1A017.2.40) Y5 4" | s 40 18 | 3V | 2739 | 222 |33 31| 1622 | 24 | 3932 |26
] 28,29, [1,27,36 1,29, 13| 15,17, [13.1,26, 13.29.1, 35,13, 8 35,19,11,28, 13, 13,10, 27,26, | 28,24, | 28,26,
32 |Manutacturabitey il Rl A AL L IR s 8 sz BN R g [ M50 | 2naa | asas | T | 20 2028
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