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~ The Pragmatic Methodology for Solving Engineering Problems
using TRIZ and Brainstorming -
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" Abstract

Most of people who are engaged in research and development find it difficult to solve the
engineering problems creatively due to the lack of ideas. There are two famous methods for
inventive problem solving: “Brainstorming” and “TRIZ”. Brainstorming is the most popular
tool until now to find a creative solution and TRIZ is not so popular vet but leads us to a
very useful and clear solution. These two methods whose goals are the same usually take
quite different routes to the final solution; Those routes have their own unique advantages
and disadvantages.

In this paper, a creative problem solving method optimized by correlating Brainstorming
and TRIZ is proposed. And this method demonstrates how rough initial ideas can be
quickly refined and how a problem can be solved correctly.
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Fig. 1 Six Steps of Design Process
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© FTAOIG AE = Auzo] g AAFAL Rod ¢ o
@ W RS B 4, AE, 2T AulzoqY Yy A & o

BAAXEYE WYY WE Fsok & Aol Utk Bol AEHE AWelAE U By
& ol WEolth $4 HAALETE PEARAL 2FE AL FSAE A&
AgaA 9o GeRL Y TANL g Bk B BAY A3 AIHeE A
Aok ste ARY A%t APHA ¢k BHd HYe de & Ae TA AGHT W
Aoz DadrEde dusl Adol YAE A3Y £ Ak BT AARENA o
Eshe waolsle st Ade sE B 2 2t 27 2R + Q) Al
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BEJAEDY dale 2FE FATCEA FAFETE OS5I AASE oleldelrt gt
e R, AN ololue] 7t B&FE AR $4% ofoltort U steAo BoeE A,
283 gwrEog a8F olojtdoly HRE /A god o goldve A TN 7 F
At 2YEg BYJ2EYdMe ou Wge] Uelgtx o] Wi vlwE HAE A H
, 2318 ARFEWST dFEINAX F AL FEHoz A ololdoE AMAA Ut
E&2 gz gt e duEs F2, TAY F+ 109 U E ¢z 3,
BHJ2EYd & b9 47kA] fF o) Azt o & &Pt

@ 7t5d BE oot g AlgtstE), (F=3F o] Hojg)

@ 930938 & At ololroje] H4 38tk (Hitchhike)

@ ZAd=z vz geok (IR J=RBxA e LR gerh)

@ FFF 9Pl B9} (Free-wheeling)
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3. TRIZ
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TRIZE F 28 3TN &3 458 ©939 Genrich S. Altshuller7} 7A2d AAZQ
wr ol & % FAE Fid €AF FAL #Ko] FHAHQ EAdE £ 49
Eo] A8 O& AdEolA o7 o AJNE Fx & A4 HAd HEHoz LT
Aol FE3A o]RAL wig oz Sy EAE AFAE] LoldA ALY & YA 71E&Y
weo] #d e Aoz Yutd & + Jun AZ k. Altshullere 19469%H A
AA L 4R 53 E AR AL ATE AF, B4 AUAHA Jle LAE ol F
JdE YPEo 2 AMAZste TRIZE ¢HEAHD

TRIZE E3 oA Zold oo &Al(inventive problem), 2% 2] 32 ¥ (inventive solution)
o) R, WP FF, 7eAad AP L (patterns of evolution)?] FFHAeldE
¥ 7 4 W8S Jwtez Rm, g T YL B S, 383, 7584
EFES TEE BEAT 71& A4 dHolgulo2E Xgsn Ut ol Ed2 F7U &
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ol3tA W& AL 4 e FA HAY Ve 2N YPEL HAHH
TRIZAA F58 HL FgxL HAE = E4, F 299 EAdE Hojx & 7 o4
9] R (contradiction)E 23 o A3 Ao, thAl Tew TRIZAAM Y FAE Zee
2 RPE R&DAAM TRIZE 28 383 FASS o3 ZLEZ viyule] & R&E
S Bgolu Trade-offel <3 @go] old FAlo) glole 9L ot

3.2 TRIZS EA 314 €4

TRIZY £A 29 AZe AP EAd did &G A4olch ol Ad HAL %79
M REA Hod dA o= s dd BA Q49 DAt AUd fFEAE TRIZ =F
B2 AHEE 5 NlE ol v “EF AR @t EFEAV $AHYE TRIZ &F & o
FE AY dolHuol2E o] §¥ A X “BEADH"E Rohfo} “#F ALil"(analogic
thinking) 02 HEH22M AdHd A AW I2g & § At o] AN & &
Al ALY R o AL A AZDAN QA4 A B2 Y(Trial & Error)$ AHE8IA &
I AANez wE FAAL devded Utk Fig2e TRIZE o8 E4 2 €48 =
A 8tg Aot

33 TRIZ9 =+ ¥ 9

TRIZE ©]&4% &4l 2 EFEL ¢olA A8 TRIZY 7)gte] & 4717 YL S Egz
FTY BoldtA ¢E ALY £ xS HASIY.

TRIZY =T td&3 2 R Ut

7t ol 471% 71 d(deality Concept)

. 71% EA(Functional Analysis)

o}, 2 &3 (Contradiction Table)
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2. 239 Y (Separation Principles)

v}, o} 84 (Subversion Analysis)

ul, & . & B (Su-Field Analysis)

A} 283 AjA"lo] WA WE(Laws of Evolution of Engineering Systems)

o}, 339 7383 24( Physical, Chemical, Geometry Effects)

2z}, ARIZ (Algorithm of Inventive Problem Solving)

2}, TRIZ Software

Aol YdE =FE F TRIZY 2EAHE AU EANA 29¢8 R&Pe =298
g A4A A8 $ de dEFY Aol RePER B deeltd

(1) 2% 34 (Contradiction Table)

2e 38 2yld ALEYY A4 TRIZ ©F2A Altshuller’} Mol d N&£x88 B4
3l F&3 F 1,2637/M9 “V1ERA BetY FRES 39x39 PP st ©E Aot} o]
P9 AZ 190 NAFIAR st TFH 54, A 184 d3de 374 EHE €
3 F, A3 dol wAElE Fol 40719 Lw Y FoAM HF e g AAsteH AR
2 $ e g@udalyd x50 A= AUk 4009 YE L EE Table 1014 YA Ho]
Atk o] e PEL A & FF Eobe E37 5& AT doJd Rez 2z ma

qe FAAcE O & 20 7 i3 o) 8d dg dege]l vydE Aotk

21

[Continuity of Useful Action)
314 AF[ Rushing Through]

Table 1. 407}A] &34
1. ¥¥ [Segmentation) 22. A3} E{Convert Harm Into Benefit]
2. &34, AA) [Extraction] 23. =4[ Feedback]
3. 53 F4 [Local Quality] 24. 3 "7} B [Mediator]
4. v ¥ [Asymmetry] 25. A= xu] A[Self-service]
5. % [Consolidation) 26. A $~HCopying]
6. &% [Universality] 27. 43 2-FDispose]
7. E7W71(vrE 3 41)[Nesting(Matrioshka)] 2. 714 A==€ diA
8. 33 3[Counterweight] [Replacement of Mechanical System]
9, AWt Z A [Prior Counteraction) 29. 3NV /¢ +2E

10. AbA F4] 2 {Prior action] [Pneumatic or Hydraulic Constructions]
11. A& o3 2X)[Cushion in Advance] 30. #AE Holtt gk UE

12. &) A [Equipotentiality] [Flexible Membranes or Thin Films]

13. ¥+ [Do it in Reverse] 31. &34 2Al[Porous Material]

14. e+ #[Spheroidality] 32. 47 ¥#{Changing the Color]

15. #9443 [Dynamicity] 33. %34 [Homogeneity]

16. %% ZX)[Partial or Excessive Action] 34. #l7] ¥ ¥7{Rejecting and Regenerating
17. & 29 Parts]

(Transition Into a New Dimension] 35. 54 W [Transformation of Properties]
18. A '§[Mechanical Vibration] 36. A}E]l Ao][Phase Transition]
19. #7143 ZX)[Periodic Action] 37. €33 Thermal Expansion]
20. 783 F89 AL 38. A3} 7h&[Accelerated Oxidation)
39,

., ¥4 #73[Inert Environment)
0. 3 A % [Composite Materials]
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(2) ¥ Y& (Separation Principles)

medE BOA e, 944 B¢, 7149 2eol Qed, Alshulers A BAAA
£29 294 Reg FRAnA € 0 mede 44E ‘BAd 127 A8 AR
£% QT /4 nusE $os WRe T, AL, TR 2d0 dae] BaAks Roln.
A AZAE (D) YA BeHe RHugEe] AR I3, TER I hedAE
AzpAdor 5. () EE 2e BA AolA e 40 IEY + ALIE BAN
Lig= 8

Table 2. #2]2 43

Separation in TIME:

- Alage] steEngy @40t Azte] get EASVIE A & A ¥k F

Separation in SPACE:

- Az"e] serjgy a4kst #3300y BEd gE EAUIT dn E4 81X
%= &

Separation in SCALE/ Structural Level:

- A" gguEy 847t B4ste R ugt EA87IE 2 &4 §HA
F71= #

98 B & X7 soA s JHol FE

4. YA 2EY3} TRIZ 9 F9H

BEHJEE
A2

ol

)5 TRIZE %9l ololtol 337 A AAETAE 2Wol ul$ FARshY,
HHe o9 Aolsith RAA2EDL ololtie] WANF WHomz ARe
Haol w=Al Fuss, ooldols Wenos ol oEsd Anel WFHS 2T A
%, we TRIZE o2 EAo) @ Eye Moz ANY EAS EEsed 1o 33
@ A2 Yo ool FAA AWE FEoUE YL A @k 53, TRIZY 7
Sole A AHARRE FHEA ADL AT PPEZ Al 2 Ui Fo47 84
7 EgHeiglel BedsEdRT ARHY $HolIE st
AARAS AAE 2Y RAAREYE ‘Aol 7128 $HolT TRIZE ‘AWl 71z
B0 W) 128 RAA2ETL AAY A me RAPE e Jx AHE, F of
otolgel e 1, Aol 712¢ TRIZE #ATAs AHo2yy QAL A4
o A chrterhs
g0l AF¥ Ae U LW wAQ2EYRG TRZZF 953 $5% 24 A2%Uol
£ AAT TRIZY 24 A2 PYEE 9A obrlY FAAY EAE JlEd #7 #
gol AZstel Tz 9@ BHed ¥ A2 44 S28 F= £77 € & 9o 3,
TRIZY $¥e B&d T4 Aoz FAd A7 Avle Fold 4 AW s
EgelA Agsts Fe4ol WAL EANAY R BAS olB) FE AL & Rolth

>
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N RRRe YY) 2on Y= RAA2EYH TA B P WA AAsE
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Table 3. RAJANLET Y] - &3

. CEE

T RAAY EARA N RN HAA
24

. =3¢ 2 23 27

. ojoltie} ANE A AT 22

- AR 47h gelel @ (3 Wol

#53 88°] $o
24 A4 By Fu]7] o]
2o

- GFE ol A Ay

= I ) A3 ] —?—ﬁ)
. Jg-‘-i}x—‘} v:"“‘:\v: ofuje} thekdt Alglo) . BEE A g4 ufo] oby
3 A-87ts (& )

L RN BAH An f2

. 344 ADE eNE 4 e gy || S0F BT Ul o

. BYAY ololrle) >3
- A0 A Egei st B8

Table 4. TRIZS] % - &3

E . .

. EAAATH Bee RO 48 |- 5% Bge) Y

Y 52 b Cole 3R BA AR 9F2 @
coom ANHL 48% 1&g FA |- BAY UE AY¥ZOZ BEE)

8 75 Adse 2Yew AAHe Y
. @Al EA A ERT x| - BE ALY §50] $49
- AR F5} FRY EF o EERRE
- AP g% =7 - A2 H3 3 oe A BAsE
. FYEA HZ2 Az teeAs Aol g

9] Table 3, 4 A B%o) BHJ2EWIH TRIZE #A} 53 & 7IAZ de HYolAT
Aado WrigE AL B & Urh oA 2EYE ojFA duide F YL 43 2
ade 7ldg & ok

I

5. B2 3 TRIZS| 94

HeJQ2ERH TRIZE dATL2ZA F 71X Wyel 43S g & & Qo & =%
dAE F7U d4Hoz ALY & gt BHA2EYH TRIZZE dAE FAAA EAHZ
g AdstnA @

TRIZE olvl AZHoiQ &l 24 Wyolrh. xw 2 o]&& AFANA A&7 A
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R gd AT AF FPE a2 3] g TRIZY ZRAEC] AME3rldE 28
olgl-gol Utk T3 o] TAF HFAANE Feoyo] AAFo] Y& ®o] ol AF
o=z TRIZZL AN EAHZE A AU E AA EA A&7 AsxEs thAl o}
ojtjol& A& ok &t
BYAAEYLE LA AlnE INeR F Wolnzg BHUQ§ ofolr]olE XS Hotd
49 ofelfjolE tpFolof smz FAZFA HAFH =287] AAI YEI LA Ao
Aadd
oA F 71A o8 AL AL BAHL HEF AAWYEL S B}
1) 248 383 A da] TRIZE vlgos &g £3589 TEEAZ A3
2) TRIZY =F(R&yEa B P3)E ALgsle TP ge 98)g o dir)
3) dold WFAYE AAl A9 HAYo2 HLste BYJ2EY S £ U)A
€ 71€9 TRIZ WM AHEstd ZA d4E AHE8A &7 i o 8L o}
goj7t Atd & doH, 2FY AeHTAHQ) Bad2ERE FyPFoz @il
BYQ2EYS] FHE BAEA HAYC
4) el A ALE chre] FoHQl oleltjol s thEoiA A B Ao ofejojz vt
£
5) BT 7IEEES WE AHF ool g Adsld 7d HAE S5t

Stoll A A @ dAREY A1gAAY B 84 2e =58 H8A 2d2E09y
S AHEE S 3, BAJEEY F3he) A9 ofojojd tis) 2229 Hed Fohy
o} TRIZo|ES H{dte A= & shuvie] el 2 & gtk A2TA M AH83tE TRIZY
ETE AEAHA TRIZ 25¢ ¥x] Frigda vlay 3gdA A48 & dE 2y 'y
‘e P, “B-F BA'SE HEdd 48A4E RAdh A3TAAA AEEE BEH

ERL olnl EFdyol U olFd APsnz olojrjole] o] FopA AF9 FH <l
o2 HF dAd 2o ALS 4L & Arh
olgA BeULEYL TRIZE T3t A9 WAE FA HE F HEF A7)o) AHEH
A A4 AEHe 4A ¥ & A=F AN Fig. 32 AN dATHEE =43 & Aol
=2

e |x

Fig. 3 B8|1AE" 7 TRIZS A w4
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6. BEA2E TRIZS] QAEYY &

ANE BeA=EFH TRIZY A BPE o8¢ AAAH IR, #
A FAA7E AN FA4A BAHF)] He W2 JF3e A
WdsE obdldl dAEA B FE nFEUE AN ¥
2FEGY MR FLE 2AL 2R F golgta o] BFd &d9 JTFRIL o)FA ¢
of 3t& Zolth & HFFAM sfdstnA st o] EAL FHAL 4k ¥ Wi Y
AREd AF3A FEE G4 LHAG o o] o] o IS A FE dHo @
f3thE Relx, a0 wa FEHE S FHY dYo] A EUE 2 - FFo] oY

= RAolth, o] F A& TRIZY 3978 &3 4o HE4AA »rl2 v 2AHE 3%
A ez AEstA A dde 548 397HA A6 ol R gtFojop A 1Rl
of @th. of F-EolAM HFES] TRIZE A&ste A4 H2AES AYF L W(Tral & Error)
S AHE3t WAFES R Hed ofd FANAM FEE THAHNU F& £ADoE
3 BT AFE ABAANA Ho AFL A Adse ade] HIE @k & EA9
HAAANME o] FEAA BAJ2ELE ALFHVIE Aok A2 e AT A4S 7tz A
T 49A 397kA §4E FAHRA ¥ A9 F 79 2ed o] oWE F¥HA W)
g7 Bed2ERYE FEAY 2Ed2EY ¢85 Fo Fdd SHAEE #AIE A=
Table 59 .

el 9ng
< 93

- 3
a3 H4 A

o S

o (&
2

Table 5. % vi7iR+2 J&

- AMAstzA S oY 54 0 EdE EBAol UARR R ARIR] gEE
SAZ] ATz, o]FA WE AN
A 743 dH dgol e
o 11, ¢tE
- dSHE WY 54 D ECY UH 9ol ZHAR EMo) ¥E
¥ @ o go] go) £
e 2R8I 94T FAE FUMEHA He
A% U7t B3 ¥4 2A €
o 10. 3, 37, 239 B

AAD & %o uh/ASF(useful & harmful parameter)E& E& FHo) FA L3 LdPYE
Fopdich Fold do] Y ot B 2ot
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Table 6. 118 10€ 9] LU

36 4e} Aol {Phase Transition]

a. Aefdol A BAE BAHF, Fupisl, 43, 4FF 5 o83t
35. 4 WY [Transformation of Properties]

a. Al2de &84 JHE HFAZT

b. 2y AEE Wi} Az,

c. §dAo ATE Wi A7),

d 2=y R g FrkAZIch
21. 2438 [Rushing Though]

a FAFAY 48 AL nHoF FFJhrt

& wAA FNA AANE 7 29 deish Aol AP A= clotloE ANEA
Lo, TRIZAME o 2ol glo] ofoltio} wae ¢ 712 Rdg Fn ZAdyel o
%, 4% Azol o8 PP Fol oo g £&8T R V&R el H@Z olojr}
A Erh ZAGAel o Bye ojolrolg Wk dE Pt gloy FelFA 227 A
Hol 91 e HF BEe Fdstd § U A2WS 1A & Ak A71HE o F
oA A BAJAZERE g ANY B 2 AoH Hrh FoH ofolrol
A3 FHAA A4 FGA AHAA AF A2 AL ol W)

Table 7. 439 A& 0]&F BYI2EY W&

36 e} Mo] [Phase Transition]
e o] A BAsE AHE, TN, @i dFF )€ ol gdd.
7 Edol g
- E2dd 34717 E T £5YF) e RE ZJZ]
- &9 AARAZAG A7) FE o] &¢ R} e FEFAA
- &oo 7 7H FoR £E5HF ey FROIF ’é}zl)

A

35.

Jn

4 W3 [Transformation of Properties]

A4 w3k
< Zyd AYY g = 51 TR ZYF 2HE 93

Fo AR E AASRE dAUEY 1< - & o9 YAE ojR 3
g% AAYFY 44

- =y U= W3}

3L AR A2 A AERE - A A4 HL)

- B9 JEe] x& dxo g uigdte AAAH B2 Algsq a3y
P e 48

Ia} oE, :10

By 42 E o8 BHJA2EY A, HAA AU FA AR (FF Ata)e] T PHR
o gdsz EHRAHQ oo ES EFT F ANT F LY 4 JtuA ASHI 98
Aoz 97t AEHo BT HEAZ AN HHZFE oJEJ
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7. 48

BAQ2ERH TRIZE T Y EAHE 39 A& *& *7—3» 2t Y el
A, A2 24E 2 € 7 de AFHAHA Wl € £ JdSE BN

AT Mgeld LA T EAY HEAS weEn EJ—}Z:NE E&87] fsta] HEZ
Q1 ¥y TRIZS d3 AHEse BAUAJLEDS EFE AHEsdth TRIZE ol &3td &4
dodle EEg Fohla o] BEE HZAS A EE E e Rl o EF AW
B V22 BYA2ETLE T3 FgHQ olojrd g AtsAT. olHE AAHL Lo
Aoz AFPae Qlo] AAZNzE AUFT T4 TAE MAsls AHAY 7|YeR A18€
F Sk AAE WHE TS G otve Hed I EAE HE sted HEE +
Aot

8 FIx &7

1 James H. Earle, Graphics for Engineering, 4th edition, Addison-Wesley, 1996.

2 Charles Clark, 4914 o, B#l¢lXE W (Brainstorming: how to create successful ideas), A
&, 2003.

3 g9y, vtey U] 78  FxAHA ArlE FHE A AY4EDI Aad EFZE,
A3 o2, 1999.

4 A9, 253 FH5- HAH wHolg Bz, AN v, 2001

5 7w AzA ZA 2 ol Z(TRIZ)-Theory of Inventive Problem Solving, °}e]te] B a<l
B4 TRIZAT4K), 2002.

6 ol &7 o134, “EfZ(|Xole] FolF EANE o]2)9] FelF A4FFNMY &8, A4FIIAT
(42003 : 79-91

[7] o144, “BA A4 4 o]& (TRIZ, EFR)E °]&F F71As75 7w H77T
A, @339 A (19)2002, 155-159

[8] Yoshiki Nakamura, “The effective use of TRIZ with Brainstorming”, http.//www.triz-jowrnal.com,
2001.02.

[9] Darrell Mann, “"40Inventive  (Architecture)  Principles @ With  Examples”,
http.//www.triz-journal.com, 2001.02.

339



TRIZS} BAAAED S o8¢ A&AA T4 A2 Bye Aee w3

[10] 3= E8g= ¥3(KTA, htto//www.triz.orkr

A & & B3ANEgR 74T £
B gAostn dutday JA TS HAA
#AFof= CAD/CAM, W7lERZY 2

v 7 @ dAYetn JATEs Eug, 33 9hAL
PA Bob= CAD/CAD, WlstE 24~ Telerobotics

340



