Activities for TRIZ Penetration into
Hitachi Group and Some Typical
Application Cases

. S

Setsuo Arita
Hitachi Research Laboratory
Hitachi, Ltd.

© Hitachi, Ltd. 2011. All rights reserved.



Overview of Hitachi Group
Consolidated Basis (as of March 31, 2011)

Corporate Name Hitachi, Ltd

Founded 1910 (Incorporated in 1920)
Revenues ¥9,315,807 million
Employees 361,745

Subsidiaries 913

Financial Services Others Consolidated Information &
49 7% Revenues Telecommunication
v Systems
Digital Media & 16%
Lonsum;g Products Power Systems
=00 Bu o
Components &
D‘;';‘;m s Social Infrastructure
O

& Industrial Systems
_ 11%
Automotive Systems

7% High Functional
Materials & . _ Electronic Systems &
Components Construction Equipment
' lpqu{, Machinery 10%
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In 1997, Hitachi, Ltd. decided to implement innovative
engineering methods within all companies of the Hitachi
Group to keep ahead of rapidly changing approaches in
product development and design.

B The Hitachi Group is a multinational corporation and
Its products are in various fields.

B The Hitachi Group is involved in a multitude of
technical fields.

B Implementing a Group-wide improvement program
seemed impossible.

© Hitachi, Ltd. 2011. All rights reserved. 3



Strategy of Innovative Engineering

B Innovative engineering methods provide a strategy to
understand and solve the essence of a problem by
applying general solution techniques.

B Hitachi facilitated the introduction and penetration of
these techniques.

B Hitachi promoted the development of more advanced
methods based on them.

B All engineers should acquire these technigues as
general knowledge and basic skills.

: <
HISPEED?21
“Hitachi Innovation Program toward Super Process with Excellent

Engineering & Digital Technologies for the 21st Century”
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B OFD, TRIZ, and the Taguchi method were judged
to play a major role in the product development
and design processes.

B In 1999, the Introduction and penetration of these
techniques into the Hitachi Group was started.

B The use of various general problem
solving techniques by engineers to enhance their
engineering abilities was facilitated.

B Each division in the Hitachi Group was guided to
promote the development of its leaders.

© Hitachi, Ltd. 2011. All rights reserved. 5



Competitiveness at Depth Layer

Competitiveness at Surface Layer * Quality, Cost and
(can be observed from outside)

Delivery etc.
/\ Iceberg

Productivity,
Competitiveness at Depth Layer * R&D and
be observed from outside) ~ ENgineering etc.

(can n

* Takahiro Fujimoto, Capability :
Building Competition, Chukoshinsho Taguchi Method etc.
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Product Development and Design Processes

Give a Route Map for Fact Finding &
Q Front Loading é
- bili C | “ >
VO.C < ) 7 Customer
angible & : :
- Satisfaction
Intangibl :

TRIZ

Creation of
ew Concer

" “Product Development and Design Process Engineering
Technologies” Proposed by T. Hayashi*

L *Former Senior Chief Engineer in Hitachi, Present Chairman of the Board of Japan TRIZ Society )
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B Educational materials including applications of the
TRIZ were developed and used to help management
leaders and engineers understand the essence of TRIZ.

B Leaders were taught how to apply TRIZ and then,
how to teach engineers to apply TRIZ.

B The aim was an increase in adoption and penetration
of TRIZ by holding forums on engineering techniques
focused mainly on applications of TRIZ, and by holding
regular meetings with the TRIZ leaders at the divisions.

B Regular follow-ups were held every six months.

B Hitachi commended engineers who obtained
excellent results in TRIZ applications.
8
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Application Case of TRIZ to Actual Wor

as Educational Material

Application Case

Automatic Judgment of
Intensity Degradation of
Airport Lights

This application case appeared
In NIKKEI MECHANICAL in
September 2000.

© Hitachi, Ltd. 2011. All rights reserved.
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Group-wide Committee for TRIZ

Penetration into Hitacht Groug

Design and software
technology committee

TRI1Z penetration and
development

Technology
Foresight-WG

-Aim:

study and application

New Generation
TRIZ-WG

Failure Analysis

}
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-WG

| Inventive Creativity
Strengthening-WG

-Aim:

use of Matrix-2003

-Aim:

merge with KT-method

-Aim:

merge with conventional
tools

Education
Curriculum
Preparation-WG

-Aim:

VOC-based curriculum

Future
Prediction-WG

-Aim:

study and application

Effective
Problem
Solving-WG

-Aim:

merge with KT-method

Equivalent
Transfer
Theory-WG

-Aim:

Study and Application

10



TRIZ Application Fields in Hitachi Group

B Total number of TRIZ applications between 1997 and
March 2011 was about 4530.

Others Materials
0-6% 4.7% Machinery
Manufacturing \ 5.6%
8.1%
Electronic &
/ Electric
18.6%
Systems
60.3% T— Software
2.1%
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TRIZ Users by Position

Managers
7%
Others
22%
Senior
Engineers
38%
Engineers
33%
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Hitachi Presentations at Japan TRI1Z Symposium(1)

Sympo. Presentation Title Presenter

Application of Matrix 2003 to Electrical System Development and
Comprehensively Comparative Evaluation of Classical and Contemporary | Setsuo Arita
Contradiction Matrices

1st Comparative Study of Two Contradiction Matrices Using Business Model

Creating Method Atsuko Ishida

Fuminobu

KT-PA in Failure Analysis Using Actual Product Accident Information :
Takahashi

Proposal of Fault Analysis Method merging

2nd Kepner-Tregoe Method into TRIZ Setsuo Arita
Application of a Contradiction Table to Computer Architecture :
: : o Toru Shonai
3rd — Sub-matrix and Invention Principles for Computer Problems —
r
Introduction of the Activity to Promote TRIZ for Engineers and its Toshihiro
Application Examples in Hitachi GST Arisaka
IT Trend Analysis by TRIZ Technological Forecasting Toru Shonai
— Using Altshuller’s Eight Patterns of Technological Evolution —
ath Problems to be Solved and Technological Evolution of Magnetic Hiroyuki Suzuki

Recording Media

Combined Use of the KT Method in Functional Modeling and the TRIZ Satoshi Okada
© Method in Idea Generation 13




Hitachi Presentations at Japan TRIZ Symposium(2)

Sympo. Presentation Title Presenter
Pursuing the Esse_nce of_lnnovatlon Through Applying TRIZ to Atsuko Ishida
£th Problem Solving in Business
Survey on Thinking Methods for Invention and Discovery Toru Shonai
— A Step for Combining TRIZ With Non-TRIZ Methods —
How to Use TRIZ in Software and IT Problem Solving Toru Shonai
6th | Evaluation of Methods for Creativity by Applying TRIZ-Based Atsuko Ishida
Business Idea Databases to Business Problem Solving
Activities for TRIZ Penetration into Hitachi Group and Some :
: . Setsuo Arita
Typical Application Cases
Reconstruction of a Business Solution by Abstracting a Current .
7th Problem Solving Result and Introducing a Service Oriented Mindset Atsuko Ishida
Introduction of the Collaborative Activity of the KT Method & Kazushi
TRIZ to improve Hard Disk Drive Quality and Reliability Tsuwako

Total Number of Hitachi Presentations is 16

© Hitachi, Ltd. 2011. All rights reserved.
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- Energy and Environmental Systems Laboratory

==N

* EERL was merged into Hitachi Research Laboratory in April 2011.

© Hitachi, Ltd. 2011. Al rights reserved. 15



R&D Fields of Power Systems at EERL

hermal Power, Hydragelectric Power

Nuclear Systems

5 -

T R = __vg—-'F?__i_

-
-
-
- #
-
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R&D Fields of Industrial & Social
Infrastructure Systems at EERL

Transportation Systems

© Hitachi, Ltd. 2011. Al rights reserved. 17



Annual Schedule of Penetration Activities at EERL

*Promotion by top-down and bottom-up
*High evaluation score as an incentive

Month| 4 | 5| 6 |7 |8 |9 10| 11| 12| 1 2 3

A A A ACommendatlon
Committee Meeting | Commlttee EERL Forum '
= | i | i hﬂeenng
Application | ; g ; ; ' ' g ; |
Planining; Meeting Meetir|g Plagnning: Meeting: Meeting
mE = = =® = =
LA A
Newcomer Educatlon g Newcomer Educatlon
S - -kTSPA | KTSDME
ucation | QFD - : ; : . :
TRIZ

Taguch| Method
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Two Typical Application Cases

‘ C%e1|

B Problem Solving for Insulation
Breakdown of Enamel Wire

‘ C%ezl

B Failure Analysis Merging TRIZ and
Kepner-Tregoe® (KT)

© Hitachi, Ltd. 2011. Al rights reserved. 20



Casel:  proplem of Enamel Wire

[IPhenomena - Many failures occurred in motors recently.
-Failures in the exchanged motors occurred

again in a short time.
Partial Discharge = Insulation Breakdown

Enamel Wir
amel ire f Enamel Output Voltage of Inverter

Voltage
Partial Discharge

énducthéonductor v
5@

|
. | /

B p
2NN |
E ' e AeNERERE
"o i (#90.BxVp)

H

_ﬁ_
“E—f'

Tlme
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Application of Inventive Principle

Based on Matrix 2003

Improving Parameter }

Improved immunity by blending in an inorganic insulation material
= [mprovement of reliability =Parameter 35 ”Reliability/Robustness”

/—[ Worsening Parameter } ™
Worsened flexibility of wire

=> Parameter 34 “Ease of Operation”

o

/
e Inventive Principles I ~

28 Mechanics Substitution _ _ o
1 Segmentation Selection of Inventive Principal 1

40 Composite Materials = Increase of Segmentation Ratio
N 29 Pneumatics & Hydraulics y

© Hitachi, Ltd. 2011. Al rights reserved. 22




Problem Solving for Enamel Wire

4 N
Increase of Segmentation Ratio == Fine Inorganic Particles

Improvement of flexibility while maintaining immunity
. fosurge -

Enamel

(@onduct

Resin Coat Containing

Result Fine Inorganic Particles

L5
[ 1
(i !
i
- ..'F.
- '||‘
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Background

* TRIZ-FA (Problem resolution based on subversion analysis)
- Extraction of failure cause candidates by analyzing elements
and functions
- Difficulty in evaluation of probable causes
KT-PA
- Evaluation of probable causes by describing four aspects of
problem (What, Where, When, Extent)

- Difficulty in establishment of probable causes
[ KT-PA:Kepner Tregoe Problem ]

ATTatysTs

Target

Proposal of an effective failure analysis method merging TRIZ-FA
and KT-PA

© Hitachi, Ltd. 2011. Al rights reserved. 24




Outline of KT-PA

m) Description of the four aspects of problem (What, Where, Whem
Extent) about IS, ISNOT, Distinctions, and Changes

(2) Establishment of probable causes by Distinctions and Changes,
or knowledge and experiences

(3) Evaluation of probable causes using IS/ISNOT pairs to find the
k Most Probable Cause (MPC) j

IS: Observed event
IS NOT: Expected but unobserved event
Distinction: Feature of IS compared with IS NOT

Change: -what Is changed at Distinction
-what is changed around Distinction

- date/time of change
© Hitachi, Ltd. 2011. All rights reserved. 25



Comparison of Failure Analysis

by TRIZ-FA and KT-PA

\W TRIZ-FA KT-PA
ltems

Rational cause Rational evaluation of
Merit |extraction by functional |probable cause by
diagram IS/IS NOT

Difficulty in evaluation | Difficulty in establishment

Demerit of probable causes of probable causes

© Hitachi, Ltd. 2011. Al rights reserved. 26



Failure Analysis Merging TRIZ-FA and KT-PA

[Cause Extraction Approach ]

To extract the true failure cause by TRIZ-FA, after finding the most
probable cause by KT-PA

 Cause Presumption Approach |

To find the true failure cause by KT-PA, after extracting candidate
failure causes by TRIZ-FA

© Hitachi, Ltd. 2011. All rights reserved. 27



Cause Extraction Approach

Describing I1S/IS NOT,
Distinctions and Changes

Establishment of probable causes
by Distinctions and Changes

Evaluation of probable causes by
IS/IS NOT

Drawing function diagram about
the MPC

Extraction of the true failure cause

AN

© Hitachi, Ltd. 2011. All rights reserved.

KT-PA

TRIZ-FA
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Case Study (Cause Extraction Approach)

Application to Nuclear Power Plant Sensor System

Reactor core/Sensor unit

"""""""""

- Sensor assembly
%MTJLS ]

Event: Sensor units A, B and D in same assembly
Intermittently output low values.
29
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Cause Evaluation by KT-PA

Specrﬂc Problem Statement Establishment of Evaluation of prObable causes
. babl
Output of the exchanged sensor declined. probable calises “IS/IS NOT” tests
1) Moisture
Four aspects IS ISNOT invasion to %D%)%)%)%Xg)g)@
connector
Exchanged (D |Exchanged _
WHAT  |SPecific sensors other sensors 2) Joint error ®%%Xg(g<g>%g%)8
Output decrease @ |Output increase gg r(\:s()onrnECtor or
Specific sensor units |(@ |Other sensor units
WHERE A, B, D channels C channel 3) Leakage of gas ®®®%)%)C2>C22C2>3
After start-up ®) |Previous cycle
Plant output more Plant output less than @2%)(2)@8@@@@
WHEN  [than b% o% 4) Induced
Burst (D (Random electric noise
A, B channels are ® |Continuously
stable in a few days intermittent output
Sensor output less  [(@ |Sensor output more
EXTENT |than a% than a% 5) Amplifier GA)%XE%XZXECE@
Intermittent output Constant output at anomaly
at plateau plateau

Copyright© 2003 Kepner-Tregoe, Inc. All Rights Reserved.

O: explainable
A: might be explainable
X : inexplicable
© Hitachi, Ltd. 2011. All rights reserved.

MPC is analyzed by TRIZ-FA. I

MPC : Most Probable Cause

30



Visualization of Failure by TRIZ-FA

Measurement I
Me_a,:,ureme?t i of resistances of ;/r:cti) rr?(t;otrr\otr? ot B Performance test
. u i
reS|s_arIlce tc,)| coaxial cable source dose test after loading
Ccoaxial cable and chamber

* v /

Completion of Joining coaxial
coaxial cable — cable to ion
assembly chamber

e

AN \

Sensor loading Sensor output
to reactor

Shipment of
sensor

Completion of

sensor

Install in
sensor

corresponding to
reactor output

Completion of
ion chamber

assembly
_______________ - —
/
Joining anode Joining Joining sheath I Usage without | [l erre T
to coaxial cathode to to coaxial failure .
cable il cable detection failure caused

by insufficient
welding

e e e e o o =

Increased Decrease of

joint strength

tension at joint

Evaluation of countermeasure and

. | reflection in product
© Hitachi, Ltd. 2011. All rights reserved.




This Method was presented at the second TRIZ symposium in
Japan. The contents of the presentation appeared in October 2006
NIKKEI MONOZUKURI, a monthly magazine on design and
manufacturing.

@. N N

SHEEY TRIZER
USIT Q@R ek D AES

[B2ETRIZL R ILI DS

METMEErL T FYERREL
LA T b b TN TR TR L
TRIZ, Sa#@flicmiTarFo—
FAZICH T BT e S
FoataBE LTw T
Evi b TRIZ O A e
#= TUSIT (RefrmRiERae e
) RN LAk, TRIZGMET
BACFEE LR AS TR LT, &
ARRBEEHT DA e AN A
AWET AT, M HEL A
~g A2l BB [ W2 TRIZ - >
#yl k] Tk, £ LbEh o
AR B,

ERORAMRF —7 Tl
B & a0 TSI i =
WTRELAY, BFIEL 224
LARFEFRAFS S OV-X (F
MWD &b USIT O] € P
Mtit D 1565 ThEROMAED

- LR LTy b IR

B VR 0 — 3Tl o
i, USIT ol R — ol
W, ERORIEREF - eHRL
THIET, HREEUSTHERE
ENAEACE T A, adm

| i, BEr—Eo R

RAFECT, 2ILAKIRAY
[ Lepais- N

B FE LAUSIT ORI Tl T |

Eni BFaME LSRR LR
WOEE L MR ok, £
@ifzah, USITEERH Z00L £
i EEAAR R o A
LTwvdr—Thik k.

B kb, TRILEUSIT @M,
F—TIlE o TILAR 124 b,
HET, FRTIEEE LT —
adsfy B L USIT Ham Lo+ 2
AL LMERRLTHRF-TELT
wiZ, PERRIZIE THONGE G
WAL TG TR

TGS B LT B [Eme— |

I BT ST
#4 Evealtfllodh, BRLAOEE

|8 [EEETRE S RS2 0] o
RRRT

#8750 ADBIEEEE S . 2005 SRS

A SRR LB

#gLir—sid LTRINT
i, Hr—wrfldg () —F-g3
ATAARE, ST L
MG, RNSETe—n
EREE =2 TiA) ST 2
LT, - HNOEEE
7, HF—T~0UsIT S# i fitd
HIEEE LR e e o

EETREIAET, JA LAl
El-Té&EluafF=HLT
USIT &ML, USITIZE - Tlills
AT FTIE ER
Ol LN AL LA T,
PP =TS PRI PH LS. S0
EUSITE ML ot
o, USIT et &8, Eam
EARLTVE.

USIT#AL—SEAZITTE
USITAOER & FFay s Fe
i Sl b ERELT
VEGIS R 1 S R FESRAT Y
A P=AThi B2k
HitzEagiomil, #oFay
o FIZHITEEEEME, USITIZE
LR o R T B
at, [WRETERELS & ¥ o - PRl

W PG TUSIT
TR, BWLT
fawiErgl T, B
ATedafE,

i, TAETHELY
BRFTHENA S [USIT
Foil—¥] EARFY
tALtwaabmee Bl
R, USITTHE, 2=
H—A L o A e T .
iR AR, thicslLT
BRI B L TG MR
B WL Lkt SRl
Wiz S W N Dl
B BORUSIT 4 =S 12,

WL, =3 LAUSIT 3= b—F
o, [ CRETINET L { W
+BUSIT +ib=r & RILT, 2
PESEAMCENL T 22 TT
A7 THLEBPREL T Z A B
Tk, SOheIMitiL, EREE
T B WL T P NG R L
RO . J2ED
TSIT ot Le—# e i 10 S RS LA

ELTvigs

o
LE,

BFHASDETF LRI TR

. = ]
WEEGT g b [PRAMS 0TI

AT LIRS TR ERELATE
WEF AL A TR B

OFDPHT-PAGEENA
TRIZ &My 2o TS lAd
TR R T B,
FUZ e AT amr—trag X
(EREEN PN ERERTh.
MpdEg¥ Afatr=iarx
Tt "TaLE AR BRI
AL RAPL, HER LA E TR
B SRR BT,

TSR L Tvd.

K Adse TR (R
A, BROIFEFRESLEIE
ALt T R L T
IR SRt e R
& e S G E S ] ke
=EBRETOFDEER. B [ER
B RA Ll R
AR RS L
B bR TTRIZERIE LT
B, 2662 [#9 LoERREERE
SRz Rl S
PRI E Ladte] TTWT508
EC BTN AT o o YR
RECF X FEEA B ees
=L MRS LR
b, SHRTHEGEMBTILE S
e atitodd, ENECm LT
vt ST F T FETCARS
SRz E LT

AiBfrsT G, Rz
[ R S ERLE SR i Rl
— G AL ORI A
W FEdrr PUTRIZERA LT
Lo Pof BBEMMRGDIE 0O
B i - hidl TSR

La#&, ETPA (Kepzer Treguoe
Problem Anghss) £ EvA T
ETRZ EMafbteo kT, TR
SR Al & DO TRIZ O
M- Tvd

ET-PAEGHNL, %5 LETN
o CREPEER| & EiREhd
B e g e ol B
B RGED L, il Rk
ETRLAE] defs G
EE S8 S iobid i v
kL TRIZESE, TRETH, b
AR REIH LT TR LT
DL ENHAREL fdd] ke
afzs I NEEERRTE T T
FE—FPELLS, REOEETN
AT, AckdedlE ol
AT TS S vddtl

Imidds bR L TRIZ
aOEETRERESNEC RS, HE
TR S el e B i
L. BESEHAYT - WLEFR
EE R =L T 1Y
ENF LR R e P
TRIZEHM L CHRLE, AT rk
A0 THOE a A ¥ POENT RS

VB HELT R L, P R T D, FFE GQFIy, TRLZ, #F40F4us FEiiA RAT SR TRIZ €88 LT b L= (Eal. IHEE @

&1 [ConMMENELTANL) (BESERELTACE] bhasan
ERETLAETRE,

w4 ETPAR R LEFREOER B E ThEHBIBALTANSL
LT NEESRE LSRR OR NITH T, Whar (HAVE
Bl Where [BACEROR), Rhes FRALERSE, §
R el s G R L
CTNTSN TR T DR O

. MEERRLAORE [SF0EMR &V RREn

" FMERAATARIAR s & L
h jmErRY AL, iAERTEaR, &

LEL LT EE.N
EOAORATLA
EHHIL
Lamp s

O T
SR Rl T,

40 oo MONcDUEIN 018 iy WIKKE MORceon 4]

© Hitachi, Ltd. 2011. All rights reserved.

32



B TRIZ applications in actual work are promoted from
the top-down and the bottom-up as Hitachi Group-wide
Activities.

B Total number of TRIZ applications between 1997 and
March 2011 was about 4530 in the Hitachi Group.

B Total Number of Hitachi Presentations at Japan TRIZ
Symposium is 16.

B Merging of TRIZ with other methods is continuing to
develop.
B TRIZ effectiveness iIs recognized in the Hitachi Group.

B TRIZ activities in the Hitachi Group are being

continuously promoted.
© Hitachi, Ltd. 2011. Al rights reserved. 33
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