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Abstract

A creative innovation and an innovative problem—solving of industrial companies can be achieved by
overcoming the challenges of technical and physical contradictions. The approaches to address conflicting and
paradoxical problems, such as technical and physical contradictions have a crucial role in advancing the quality
assessment for manufacturer and service provider. The term, technical contradiction, depicts the state that
improvement of one ends of IFR (Ideal Final Result) leads to unfavorable condition of the other ends, and
results in conflicting problem. Ancther type of contradictions that’ s discussed in this study is a physical
contradiction which is due to two mutually opposing states of the means of ends, and gives paradoxical situation.

By integrating the means—ends chain perspectives, the physical contradiction that is a specifically
root—causes, ‘means’ , can be initially addressed to resolve the downstream problem of technical
contradiction which represents a general and abstract goals, ‘ends” . This research suggests IFR
resolution processes to handle both physical contradiction of means and technical contradiction of ends
by employing causal relationship with IFR, effects and causes.

In summary, the study represents three major processes that resolve such contradictions are demonstrated
as follows: 1) Derivation of causal and hierarchical relationship among IFR, ends and means by considering
CAED (Cause—And—Effect Diagram) and LT (Logic Tree). 2) Identification of causal relationship between
physical contradiction and technical contradiction by using TPCT (TRIZ Physical Contradiction Tree) and TCD
(Technical Contradiction Diagram). 3) Application of integrated TRIZ principles by classifying 40 inventive
principles into 4 general conditions of the separation principle of mutually opposite states in space, in time,
based on conditions, and between the parts and the whole. In order to validate the proof of proposed IFR
resolution processes, the analysis of the TRIZ case studies from National Quality Circle Contest in the years,
2011 to 2014 have been proposed. The suggested guidelines that are built based on TRIZ principles can
uniquely enhance the process of quality innovation and assessment for quality practitioners.
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<Figure 1> The TRIZ Problem-Solving Processes of Physical Contradiction[18]
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<Table 3> Application and Validation of
Contradictions and Principles for 26 Cases

TPCT TCD 40P SP
Case # PR | VA | PR | VA | AP | VA| AP AL
E L E L P L|P
Case 1 X X A A |CM| X | X X
Case 2 0] X 0 X |40P| X | SP X
Case 3 X X A A |CM| X | X X
Case 4 X X O O X X | SP O
Case 5 O O O O |CM| X | SP X
Case 6 X X O X |CM| O X X
Case 7 X X O O |CM| A X X
Case 8 X X O X |CM| O X X
Case 9 X X A A 40P O] X X
Case 10 X X A | A 40P X | X X
Case 11 A X O X |CM| X | X X
Case 12 X X O O |CM| O X X
Case 13 X X O X |CM| O X X
Case 14 ) X O X |CM| X | SP X
Case 15 X X O X |CM| X | X X
Case 16 X X A A 40P X | X X
Case 17 X X O X [40P| O | X X
Case 18 X X O X |CM| A X X
Case 19 O X A X X X | X X
Case 20 X X O X |CM| X | X X
Case 21 0O A O A | 40P| O | SP A
Case 22 X X O X |CM| X | X X
Case 23 X X O X |40P| X | SP X
Case 24 X X O X |CM| X | SP X
Case 25 X X O X [40P| X | X X
Case 26 X X O X |CM| X | X X

*TPCT: TRIZ Physical Contradiction Tree, TCD: Technical
Contradiction Diagram, 40P: 40 Inventive Principles, SP: 4
Separation Principles, PRE: Preparation, VAL: Validation, APP:
Application, CM: Contradiction Matrix

Legend : O : Upper Level, A : Middle Level, X : Lower Level
or Not Existed
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<Table 1>3} o] FxHEe] == AA|e} F<=2 #ejd
ol oJa 7 dgt 4= qlck

2) Case #2+ <Table 3>3} o] TPCTE 2Mds}
ROt Capacitor574d9] 4d8%S ghush=dl NFC
7 WA sAZE Qo] EE4 Ees S5k
Agte] glo] 87 B ool efdAdel A7t 9l
= 7 o 47 FEdFE FHEEE AR
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NS U= B3 o] FoiRA| Yoy 5) Case #b¥ <Table 3>, <Table 4>$} 7o]
7led B golel el AV 9ls = 3leH, TPCT, TCD7} &AL E8)4 B, 7e4 B B
407H4] gl EedEs olgskA 2l #1, #4, T e BAdol deEHSdth EesEe] 407HA
#11, #14, #15, #26, #3752 Hel= <Table 4> dejel 471 BEelgzel #10 v]g)ZA] (Preliminary

9} o] 3T 7HA) ollvt Agste] FAES 7
2(B)AZ17] wlizel ole west HAsF FAl sl
sit}, F-2gto] fo] uAy= NFC1e 7415 F4A
Sk 218 Irregularg2]Ql #4 %207 (Asymmetry)
ZHEA] 288 T A eIty SN=olE A A8t
sEE A ARt RS #1565 5T
(Dynamization) 7} o}l Over Design® <ol
#16 = (Partial or Excessive Actions)7H419]
dlgsltt. Nitroide S22EE SEHUEAE ] A
oz Y AL #37 €33 (Thermal Expansion)©]
olyil  Temperature 32l #35 &AW}t
(Parameter Change)©]1l, APt NFCTHZZ 4H2F SN
Array® 7|43 AL #1 #H(Segmentation), #26
ZAMCopying) 7F oY Move To a New
Dimension@#]¢l #17 W7 (Another Dimension)
of sttt Pick—UpzzdelA 1xhAzdib] 90%<]7d
WAst AL #15 52455 7HDynamization) 7} o}
Yal  Overfillingdg]el  #16 3= (Partial or
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wpale- #14 F43H(Curvature) 7} ©Fual Multiaxis
dgjel #17 27 (Another Dimension) 2] 7RAAL
golrk. #11 ARPA7A] (Beforehand Cushioning)
© HERE ARFE B el A ARESHHE o
otk A8¥ 4071 e #4, #16, #17, #35¢
<Table 1>3} o] 47k4] F&dF) 717} ok, Al
7], ke, el e E A 4 Qlrh

3) Case #3t= <Table 3>°4 TPCTE zMdsHA|
oSk 47H] FElEAE AEsHA] stk TCD= 2+
3O <Table 4>} o] MAF ¢ C=
ol o R X937 ‘a7 A] WAo] of
Ud® o FE4] B dols F FYE(Well
Defined) 287} et R=del ofal 2% 40714
wgdels #15 545735 7HDynamization) 2 WA
A RS bl Aol sk f18) Agsieltk 1
o 2[R A 2 AelA e A2
AoR AMIIES /A &2 AdA ST &
Zow wAste], A AS XA o= )
A7) wiEel oli= Oppositede]Ql #13 7231
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=
=
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=

Action) &} Z2EElE Agste] golo &3
golo] 7HS A|AF O, o]= Prevent Negationdd
gel #9 APARFZRE-(Preliminary Anti—Action) ol 3l
@b <Table 1>°f oJebd AlRkEe]e] HAzfo] 2%
MAE & ¢ k. wkek de A ggo] ded
T e gojo] uitel] FAo] Zdksithd slojolE
AASA H= et MAEAR BEd Be Ve
2 o S A] okt ®Esk flojo] 7o) A|A
7] A7EAE AEFo] ARREQIA], FAREAIE
o Sle AT ASEAe 28 gdeloE AxE
T ATEYL A5 doly Adsdel EA17F s
A E HAES|oF s}

6) Case #62 <Table 3>°l4 TPCTE ZA3HA|
oSkl 47 FEldAE A& skt TCD= 2+
A= 01} <Table 4>0A 71HA%E QA(O) “&9
L3 gol7h oA o= VEA Himo] Hojw]
ofo} i} A (=0 “EYHIY Fol7t u
oA " 0% R VleHo| ok ReddE A
407H4) g deld #3 5-43%2 (Local Quality) =
SHeIHO TR ol ZlolE WA=
o]+ From Uniform To Nonuniform@#E 2124
Ag3sioich vk TPCTE &9l 2A HAXH(O)
o] A28 7)4 ofolt]o]2 <Table 4>8} 2o] E]4]
Bes Ao A AHEHAEE IS Pressure’d
L8z #35 $4H3 (Parameter Change) 2 714
& 78 FE Utk AbEE W] #1339 #35¢

o

<Table 1>°ﬂ 94‘3}“‘5 ZJ"Z} %ﬂ—%a’ ;ﬂjﬂﬂ_ AR

¢} AR dgsict
4.4 Case #7~Case #11 AH1EH

1) Case #72 <Table 3>ol4 TPCTE =54
oIkl 4714 Y E A48 odth TCDx 2t
AEAL 74 2ol AR EAlsit B
e oJa] AAE 40714 = #3565 &AdHs)t
(Parameter Change) &} #13 A423}7](The Other
Way Around) = vl UFAERES flsl Al
As ¥Rt WAE Transformation of Physical
Properties¥2]9l #3558 2W[E2A] Zg8Iic}y. 1]
a7 29eks A uigell ] S <F
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o7 A43% AL #130] ol Inside Another ¥
2]el #7 /171 (Nested Doll) ol slj@sict AFgg 2+
e #35, #78 <Table 1>°) 2lahd Z}z} F7H&

35,
2], 3%l stk

<Table 4—1> TPCT for Case #1 ~ #6

Case

- TRIZ Physical Contradiction Trees

B POB: 5 0501

238 20 ()
uds :FCB 921 250] ‘ '

B0

Means : piA 0] HOH(C)
Means ! pinZ20] IH(-C)

Means : 2 28 27K Ends  A74EH S3t
Case ‘ H '
P @Pc I W
5 H Buds 1 0FL 234 27 ) 17 | A
H s 1894 22 (4
Case

i I
#
| o bt |—{m

Case
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|veus 12 58 249

s A5 233A0] 4

[vems 22058 30 ) Pl s me 2 22 )

Case R 28EAZH05Y 55
24 AT
[ Meas g0t 200 © || b s
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i 1‘130 TR ST 47 02882
s I 08) 1 B 40 32
Nems 320mi50 3078 0 | B NEE AR
Case $pc $TC FR 18 HEARE Y8
#6-1 AR #EE YRR U
T e e R e )
s 3201 98 ) | s B2
Case o - R A2 5425 93
#6-2 A28 83mE 23YE 1

Means: 320] 34 BOAB(-C) |- Ends : HBYEH4BR)

2) Case #82 <Table 3>°A TPCTES ZMAsHA
U A7 FERAE AgskA] skt TCDE 2
AEQ) o1} <Table 4>9} o] AHE AJA(O=
A—]oo]toﬂ o]x]E OJ—_Q_ “12z 7]_\—4%_0_ /\]*—g—‘—‘]—ﬂi”

V1ol FA] gkomd” o= FAdof star NHS
A TIHES AT & HAM URATE
Zopd” o® FAEl 7ed B B84 Bl
Efgrde) g S olvk megdel o8 e 40
7] = #35 444 H 3} (Parameter Change) & &
4 170" c?l High Tg®l el ZFet A= WA
AL Transformation of Chemical Properties¥2]&
SHEA ALtk v ng A gl =
pEAo] mlEEo] FIHAS 918t AlZE ofolr]o]
£ [Figure 4]¢} Zo] 7|93} vp~gE AX|A7]= A

hj o

2 A A AE 7JXEPE Closed Loopdd|ZE #23
= (Feedback) 7141-& AAlshk= Ao wlgkzlsict,
AR g de] #35, #232 <Table 1> 2Jshd
7}z e, AAeh Ftgel sttt
3) Case #9% <Table 3> TPCTE ZAISHA] &
AL A7) FEARE AgekA] dokth TCD= A=
O} <Table 4>$} o] 75 /MO 9] “a57A)
e AMgalA] fkom” o7 Ve Bes Adllslof st
il AR WFAEE ARSHT o® ZdEo] gl
Utﬁﬂ%ﬁ_ /\]-Q——S]-X] 0}9_ 407].7<] H]—uﬂ_gj;;]‘:. #3
=724 (Local Quality) ¥ #30 +Agk v gke- 2
& (Flexible Shells and Thin Films) ©2 F5Z
ZomEETES 3t 72 Different or Varying 4@
Q1 #3%} Protective Covers¥z]el #302 Svl=4 &
23159}y AReE 8] #33F #302 <Table 1>3F o]
Zpzy ke, AR} Fteeh skEelel et
4) Case #102 <Table 3>°l4] TPCTE ZHAJsHA]
LI A7HA] ER QA A8k ettt TCD= A
H2lot <Table 4>8F o] /WA =HOE M
AR wxp A7 oli TRl o] mo W o
2, S 5RA)E dEo] mobd FETel 4o
A7 oA FHET] AoR” o= SN QIS
HasiAg Fart ity BeEdEs o] 88k 92 40
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g A oR FEE S AAERIe Y 7137}
%LZWC“EW HAS7NEE Al gleleld 734 9
o7 o] HAAE 124 F2=Self—Leveling Devices
Al #12 =o|w+7| (Equipotentiality) 2 Matching
Properties @291 #33 ‘2 (Homogeneity) < 283
= Zlo] nlgAsit) AREH #129) #332 <Table 1>
¥} o] ZdAe} At EedFe adsitt
5) Case #11& <Table 3>°l4] TPCTE 2Md3HA
kot Eel4] R wAAV|R o EAE 2
2% %] (Well Defined) $9kobA [Figure 4]2} 70|
MAFS] FHOE U 7HFo] I o= 7
aloF gt} T3k TCDE AMAshA] il 71=4] Eas
esiaA 2AHBS EIANAME BT 2% B
O}X] FoHA dejEo] o]F /MAF F3E(A)
A 57, N HEB)  Test54S
] " 0% ’eﬁﬁok st} 2edido] oa) A7
071/ del= #24 Z7971E (ntermediary) 2
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S Related Togetherdglel #5 =43y
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<Table 4—2> TPCT for Case #7 ~ #11

Case
- TRIZ Physical Contradiction Trees
Case Ends  WEUAE 27K8)
H R 4233 W 0E AL

#7 T oo
Case | [Mems:7moaneeac |o{ e gaa 2 At 201 @

Jrc c
#8—1 [Means 71801 #R(-0) ——] Bnas : EH 2o )
Case | [musoigsneatamsd © | ms:vadus s 2o w |

PC TC

—7 Means ! 7B 012301 9A5HA gowi-C) Ends : 4L bl (B)
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Cas e | [Mems: azngs nesm gowe P e 0d sa87 980
S
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FR  WEYHIINYAE
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{
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Case |[Mems: =zam0ane

S
#11 [ Means : 12 230l Gew(0) |of Buds  Tear®

TR : UEEHA A0HHAE
=2E7IC BHBALATEE

4.5 Case #12~Case #17 AHHEA]

1) Case #12+¥ <Table 3>°4] TPCTZE ZHJ3E}1A
U A7 FERAE AgskA] skt TCDE 2t
e er <Table 4>8} o] 714 Beo B
o] =AUy Bedpdel oal AE 40714 g
gl #3 THAZA (Local Quality) & 53599 F
AS =} WS From Homogeneous To
Heterogeneous 92l& 27 2€31°1 <Table 1>
Al B B AAISE Bt o] i del sldEch

2) Case #13+ <Table 3>oA TPCTES ZHJ3}A
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Fix) 02 1123717F WA oA she™ “mix]Edo]
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el e] el stk
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AL 47 FE RS AgsA| skl TCD= &
Aoy dd RO HAARR &
BAEE AP o® S SRR &
A Root Cause) 07 =24 RS Ao st
TeE S o] gakH] ok 407HH QEle #26 BA}
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<Table 4—3> TPCT for Case #12 ~ #17

Case
4 TRIZ Physical Contradiction Trees
Means : £7 DEARS Ends : vx ol
Case =271 SASH(C) HEEA LE () P
S
# 1 2 }S;?f %:i;é Eg’**—% Ends : AE4Y0l D@
Case M Ends : 2717HAA 28 ()
= FR : H71AAYD 2 2EH B2 AL
Aol SEOIRAIIYL
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Means | 822|927t
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4YTF 4728 ¥AYEY
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4.6 Case #18~Case #21 AMEA

1) Case #18& <Table 3>°l4 TPCTZS ZHAsHA|
oxal 47K FElPAE AgskA] ¢sitt. TCDx %
¥ 0} <Table 4>oll4 HAF7F AHAO) =
A YA (— B), eEEel Jas Fobd
MAE slide EER VEd RelR Yo"
Ak o] AlElE HAFE Aojstaat bl V=R
M R AFoR AF 5 Aojshs deiles -
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#28 X7 (Mechanics Substitution) &2 A3
300028 Alste] BHFE Alojshe 71AS Electric
Field ¥2]2 S1v=A] 483313l <Table 1>9] 21
el 22 el gl

2) Case #19+ <Table 3>°l|A TPCT% TCDZ
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stAl siH(A) = Ae sEddEs FASHB) =
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A= (Composite Materials) & AFEF+=t]| ©|]&= From
Uniform To Multiple Materialsdg]el] 24 <A #
£k <Table 1>ellA #40 WgQe)s A} F4
) Aol sgeic) Case #21-32 RaddS o
g ok 40714 Qe #3
Quality) & E29 o5 kAl 3tod

o "= 7S el ol Varyingdgel 2 &
Al AL 471 2EdEE FhEEE AT
Ul <Table 1>¢] 7ML, AA9} el U
3H} Case #21—4+ #2139 7o 8~
7V AAl BxEE RS HAEP] fEiA EYads
S shaA Ws s AR AFHs
grfskh= 407H4 Elasid #33 w24
(Homogeneity) & AR O o]= From Uniform
To Uniform¥g]el #3 =FHFZ(Local Quality) 2
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<Table 4—4> TPCT for Case #18 ~ #21

Case

- TRIZ Physical Contradiction Trees

Case
#18

Ends
H(C,

% 38 Bnds : LHHCI}
JEpEA god i) AR 22 B) (&)

Ends : ZgE0] WA
AR AEOl Aol (4)
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Case
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Case
#20
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Be4E geldduazER
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ol $7ew () > s FEz IR @)
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4,7 Case #22~Case #26 AHH1E-A]
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RIS 20149 SRR AX
TRIZEokol| 23 571 FAAAQ AlelzE 47194
20129-2013 AlAgEQIZo]AY 2005 A%
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MAAE 20129 TRIZWSS 9% 3 HA| 43}
= Ahglelt}. <Table 3>¥ o] B ARE7F TCDS}
4071 g dels AR ARgRloY Ved B
g4 2ol FojE 4 gAY A Jagls o
FEsHA TRIZE A&3t Alell7t oiF-is At
Qo] AbEREA Sl om7E JSlth 5=

= o1l

A =ulH Bt AaAle] 713

AR FAGlo] dojw Vst Fdsh 40714
Aot 471 FY LA A8k -5 Wk Atk

4.8 Aol €39 TRIZ 387149 &4

ool 2171 AtellellA Agst 40714 TP E
=HkEA s & FEAIRE T 397H47F Hrh
g de] #3 =744 (Local Quality) ¥ #35 474
W3} (Parameter Change) = 212} 8W, 4Ho| ARy
Rom o= 2004 AR 407H4] WEdEE 1, 2
oAE 7P wol AREHE A7AH[9] 9 dA|ST
#16 I5=(Partial or Excessive Actions), #17 =}
A7 (Another Dimension)< 212} 31, #4 A
74 (Asymmetry), #7 XE7/W7]Nested Doll), #12 %]
w==7] (Equipotentiality), #23 Y= (Feedback) S Z+
7} 20 ARGEIQIET] o= FRANAE SIS APl
I ARE7 =l Agtst et Wi ARRE Aow
FekAch w3k #1 B3 (Segmentation), #5 =AY
(Merging), #9 AFHERRE-(Preliminary Anti—Action),
#13 71723} (The Other Way Around), #18 7|4
7% (Mechanical ~ Vibration), #21 33153
(Skipping), #33 5%/ (Homogeneity), #26 A}
(Copying), #28 HIZW7 (Mechanics Substitution),
#29 37 el ARE-(Pneumatics  and
Hydraulics), #30 1%t "y} gk HE (Flexible
Shells and Thin Films), #38 A&7} (Strong
Oxidants), #40 3= (Composite Materials) 7}
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5. A&
2 QoA TRIZ BLE S} 53ga]S o] 43)
of &84 Ees ddshe ZEAAE AXEL

TRIZ ASAHIREA S o= 2ol Aok

D 5AS8RIE, EAHEZE o]gsto] IFR, &
(Ends), % (Means) 2] ZQ w319 AFA &
o EEekt, Vled e 2eA 2al Qi
9w ole] eFdgE flsk TPCTSE TCDAMA]
QHS AAERAL AR S AASHATE
2) 71E2 B sk 40714
EARE 23, dAsH i ) el e &

aEste] FE35et & AT H A oA &
A RS ddshe s Akt ARREAE
AAAskSI

3) 20119-2014 =754 dx47 03]
wokell AP 267 AblEAAY AdEshe 9%
Al 7 HAE st Ve B AJ9s) 40
7w dEE SukEA A8t AleleE 27 15.4%
9} 26.9%4}ol A e¥okr) HEF dem Al A
Aels s B84 B Aot 474 2l
2 gutEA A8 Al 242 3.8%0) 23t A
o7 FAEQ

4) AHEIEAAY 407H4] g PeE enkEA 4
sk FEAE 39714 dEls #3 SHAEEY
#35 &AWL 8, 4o w 7P wol FgEglo
W #17 AN YA Es PR E
st AAIE AF7ExA] il AEs A
0| F=2 ARE T lvhs 1S HoFgith

5) FHALYZEFA Aok 7 549 Vled B
=, HHEAL AAQIAAR] Eu]d T Ao
gt EFFAAESe] TRIZ 4071A9e] 9} 4717 2
s FesiAl 448 A9 TRIZE g4 &
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