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Fig.1-1 Composite Index (AD 1985 to AD2015)
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Fig.1-2 R&D expenditure to GDP ratio in major countries
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BAERBICIE, 2070 RERD 6050 OB TIE, MEBEO 77
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Method QFD CAD/CAE
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Fig.1-3 Development process and quality improvement measures
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P, ALBRRERE], MEtoORE, (R hEREELa be—)LT& iK1
ELTHEWVW—FBRWVWKELRELEDOTHY, 7T AV Yy ROBED L Fbh
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ZHAHEEL 720 Table 1.1z 5, 74 1 5 ICEBREEED TER~0 EH
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EFEMEDOM EICFHE L TWA. 72770, UNITHEARTIET I V7 EAREZEIX

ol b DDEER~OERITHEV B\ oz, HHRE L TUIEFARTIET
U LERRE IR EE R (QC) M B DR R % % TQC (Total Quality
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O, A 1980 FAUTKEICEY, XAFTORERSEED Om LB R
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Table 1-1 History of Quality engineering

Year Dr. Taguchi activity Method History of Quality Engineering
1953 The tile experiments at INAX
Education and guidance of quality
1954 . .
control in India
1957 Design of Experiments
1958|Proposal SN ratio
1959 Orthogonal' 9rray
reproducibility
1960|Deming Prize
Study of SN ratio in a
1962 |communication system at Bell
Laboratories
1963 Estabish QCRG
Appointed Professor of Aoyama
1965 . L
Gakuin University
1972 Published a book "SN ratio SN ratio
Manual"
Improve the yield of the
1980(semiconductor at Bell
Laboratories
1983 Establish AST (American
Supplier Institute, Inc.)
1985 Noise f.actor N
Dynamic characteristics
1986|Rockwell medal Estabish QRG
1938 International Technology Hall of
Fame
1992 Mabharanobis- Taguchi system
1993 Estabish Quality Engineering Forum
1st Quality Engineering Conference
1995 Energetic SN ratio 3rd Quality Engineering Conference
1997| Automotive Hall of Fame U.S. 5th Quality Engineering Conference
1998 Estabish QES
6th Quality Engineering Conference
2000 Standardized SN ratio 8th Quality Engineering Conference
2002 Mabharanobis- Taguchi method |10th Quality Engineering Conference
2004 T (Taguchi) method 12th Quality Engineering Conference
2005 Recognition- Taguchi method | 13th Quality Engineering Conference
2006(Dr. Taguchi sick 14th Quality Engineering Conference
2012|Dr. Taguchi death 20th Quality Engineering Conference
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HARICIRE 572 DX 1990 FROFTHETH D, £ DUERFL AT LD RAEED bh
FV, BEONBENCELAL. TODHiE0OBREZ(LICEREIIIGET 5
7o PR MM O/ MEOERLIUBICRVMDLEICEAONE TTF Y

WZEDfpZRDT. ZNETORARBETITHEERICLL2MEDOIED A
Ix, WEEFLE LTiThbh, RREO THEREBIE] 2008 LEEH Lo
TWie, ZRiZH LEZ 7 F A Y v RIERFIORE - i RoLERETHY, &
MELTT TRABIE] THDHI-D, BEREHFICE S TXEY ITHORRET
»HoTz.

L, BGICER- T (XA L7 ) THY, ZOEANZTIEFICH
HRbDOTholo. BUE, METLFATHEL VWL RERKEOHHERMT
b, FNEE ST BERTE RIS FEFNHTEEDRR OGN D &V O BUAFEFHE
TORIEE 22> T2 030 G - iR T H RS EE L TREE
DEEHIZERLEWVWOIRELDLRI LWV, REZH LT TWDHIEFEITR Y

TEG IR TWAHTED, BA-—EEHICHT--oTIE, #7FAY v RO

SO DR & MR R A Y LT B 2 5k B LT 5 097,

Table 1-2 The difference between quality engineering and quality control

Quality engineering Quality control
Target Development and Design Product
Thought Prevention Relapse prevention
Tools Loss function, SN ratio, Seven Tools of QC, RCA
Parameter design etc. etc.
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(1) HEEAHK

MEEFTIZE AL Figl4 O X HIcEX S, WE TR CIXEMEEICITEE
BEHFRMEEFF-TEBY, TOHMEAT (O3 V| 272 FHERITEr L
LBZHTTHD. T, HFRELEIL2bOITHBEIZEID AR & L THER
LTW5. 7272 L, ZOREEMHEET D & BEOHEKITHMT 2720, &M
WREATWV Figl-5 12”3 L9, iz EIF 22 X3V 2 —HEZYT7 T 5
ZLETARRRLZEBMSE, BEBARLERICTLLVOIHDTHY Y v T X -
VT EE O L T o T p P39 0D,

TR LA T TFAY y ROBBROF 2 FIXR 5. Fig.1-6 [THEKLEEK%Z =
LEEbDTHEA, BEMENSORKY O 2 FHBERLENIEXFT THHI,
SETRHEEHRCIHE s R ELBEAEHEAMLT 2L T, KokElcin

WEZX T T HZ ERAfELE R D.

Loss
< LossZero 7]
|
-/ m + ¥
tolerance Target tolerance
Exclusion Exclusion

Fig.1-4 Concept of loss in the quality control
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36=A ﬁ 60=A
Defect rate = 0.3% ‘ Defect rate = 0% n

m-A m m+A m-—A m m+A m-A m m+A

Fig.1-5 Improved method using quality control

° Loss ®

[ ] [ ]
Not function _® Function e _  Not function

>

<

m-A m-A m m+A m+A, y
Characteristic value

Fig.1-6 Loss Function
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(2) SNk

mE LIRS SN A LT LME (7T 0) &7 T Anb0RY
(/A4 R) OHFLERSINTNHID R mwAE Lo X LD iE SN
ixm< s, BBV AT LAEZHBETHITHZO AB T OBEBERD 3 2125
HEINDTOLL NIRRT 5.

< HRRRE >

AD MIZHkT 2 E y OFPEIED Fig.l-7 O@VIC—EEERDHDTH
U4 Jo ks, FRAIERPEICIT Table 1-3 1R T X 92005 0 AR XV i

ST HMEN S H I

Output
Y A
A A
—_—————A_ A
® ®
I I { S
m2 * o & o 9
Fig.1-7 Static response
Table 1-3 Type of evaluation response
Evaluation response Scope of application

Nominal-is-best response | Voltage, Dimensions, Weight etc.

Nominal-is-zero response | Warping, Displacement etc.

Smaller-is-better response | Surface roughness, Defect rate etc.

Larger-is-better response | Adhesive strength, Longevity etc.
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< B R >

AT) MIAZHRS 2 1M y OFFHEEDS Fig.1-8 O Y 1T y=pM O LI BIFRIZ 72
5H 0T 5HTH,

SNIIE n=fo  CHE SR, pILEE LIRS, HARNE < A B EER T
Ni, HANRKEL R DEERF N, 2V AT LICH 2 Fig.1-9 OF£IZ SN A&

S LEEBRICAMIZREICHET 5 2 BFEREI DS — I 5.

Output .
Noise
ol _——
¥ y =pM o
-
L g
- - Bl
/‘ I 5 /\/
P o
-~ -__A-—
& _A -
¥ -k
s -
%
Input M
Fig.1-8 Dynamic characteristics
Output Output
y =pM N N2
y / Y
/// - il //
//. // /’; Ve
4 Ve /s A
Ve s 7N bl
/./ ’ // d ////’ A/
-
// P t__/ NI //‘///
S 7 P ////4,
7/ -7 1L
/ _ A /.///
/é/’/ A F A
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Input M Input M

Fig.1-9 Two-step optimizations
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MT B~ T ) B R 2L - Io BB BT OFE R %2 SN TR+ %577
HETHDHI ZRTEBTOFR LN DXL EKET S 2L T, @EOH
BrCIEX D TERVWLDODDRSRLNROH LK FOREREICHHIND.
Fig.1-10 IZ 2 KFZE#HILL 7my P LEEEICY T 2 EXADE—EEELZEMN

THATZ LD Z R,

Factory
(Normalization)

-0.5
-1.0 |
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Fig.1-10 Maharanobis distance
Distance
N,
D -
D _ﬂM // s ﬁ
AV
e
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45
P
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S
‘ Normalization Signal M
Unit space

Fig.1-11 Proportional formula of MT method
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FTOHDARBEIOB RIFEHLENPDOWEEEEX C REXDiTWR~ T
JEAOHEEE LTCIEL Y, Klansd 2 &icns" 2o EILES
EwonT ) B RO CENRRE & R FHE 21TV Fig 1-11 ® X 512 SN [T

] 7 2 (1748) (1-49),

(3) EAR%

BERXRFIIRBOMAGDLEZRDOLT-DICH VLS. Table 1-4 O XL H 72
L18 TiX 8 A1 T 3 KMEDMAGDLEZRD NS, TRTOMAELGDLEIX
2x3x3x3x3x3x3x3=4,374 O AGHEN 18 WY OREBRICIEM SN D=7
WIRBFER TR REHBOND. F2, fIERKRFZT TRBEERFITHIES T

L, BERREZMMT 22 LICKVIEFICTR RN TR ERD.

Table 1-4 Orthogonal array (L18)

No. |A|B|C|D|E|F|G|H No. [A|B[C|D|E[F|G|H
I [1]j1j1)1f1]1]1]1 10 12| 1(1]3]3[2(2]1
2 |1(1]2(2]12]12]2](2 11 12121 |1(3[3]2
3 |1|(1]3]13]3]3|3]3 12 12|1(3]2]2]|1[1]3
4 |1(2]11(1]2]2]3](3 13 12121 f2]3f1[3]2
S |1|2[2]2]3[3|1]]1 14 [2[2|2]3]|1|2]1]3
6 |1[2]3]3]1]1[2]2 15 (2231 (|2]3]|2]1
7 [(1]13]1]12[1(3]2]3 16 12|13(1]3]|2(3[1(2
8 1113232131 17 1213(2]1]3]1[2]3
9 |1[3]3]1]3]2|1]2 18 1213321231
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FEER O LB OB 50, K DUNTIE 2005 4 LARE B B 19 12 36K
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Fig.1-12 Trends in the number of submissions of Quality Engineering

-14_



)\(\ Nagaoka University of Technology

AR B0 X7 F Ay FBEFLTWDOLMEEORHE LTIEL, by
THEY M TORBTH L0, MRPHEDRWE &y 7B THUOE & v 5 X
LRNLT D, TOZENDLARYICEETHEAFILEZLOD, ix s LT
EETELENPNICOWVTIIREBAE TS 5. SN HIZx T2 27200 2850
B, BENSHIZ WA BEICEA L, REMICES X9 RN H 20
ED, FORETHHEONTWOIREEH L X 7T A Y v NIHO Wl Tl E
BRNWENWTRVWDIZ, 7 F Ay RCTEMEEBROFEELRZETLIRE, £
SOFHBEREZDZLHFR I ETT 4 —=DBROTWVWDLEHE LD ENDL 7
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Fig.1-13 Composition for paper
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TDOEBYTHD.

F1E fam ClE, RRCONMNESIT ENBEEEH LT H7OITH5ED
HTEREHRIL, ST, AFETHEALTVWLHRE TSR (X 7FAY v ) O

Az Lok, K SCERICOW TR LTV DS.

F2® HTFAYy RICEE~YF—V A MEREZENMLEZLD S DX
BY 7 MU 2TORBETIX, BEOX 7FAY vy RV 7 vy o7 LAEE~Y X
— VAN T by =T EREHRL, EbEZBEKO CAE EMAEETH DS
WY 7 N =2 THRT L. ¥7FAY Yy RYT7 by =T8RP ROK
RN T A= DOMEEIIKT 2 HMNORMEE A CAE THEAEL, vz b il
BTCORENT A —=Z OMEFITKT 5 BHORMEME O FEEE, BEERAE, H
RO ER DM EHETEDL L OICHET L. £, AEEYRX—Y A |
V7 MU= TER TR AT A OREMEGEEHET 2 FEOT LA
URXLZHRT L. £, TOFEORRICILGMHERFEE LT, 7%
DAREDTVARBIZBITAZAT IV I Ny 7 EBBEZODEL DX EXE L
LT, BEROATY 7Ny 7 &REEa AN, INTEH, H2EELEEN
L LTSS W LR ZHE T 2 FIECOVWTHRFTL, 2OV AT
LDt ET D, ZOETHET LY 7 b =2TOAKII I ToH ! |

ThD.
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Fi3®E HEERNTONMEZEELEY 7 b7 OEKEELTIE, H2FET
LY 7 b =7 OEEEICET L LT, 7F AV v FIZBT
HBERN T OEKEDOIZL X EEE LT, BENTONHE Y AT LANICE
DiAIr, VAT LAOEBEEEIT Y. £z, UETOFERCNIHEED OB
FEAT ST, RETITEFHFEICOWTOREFT 5. KB, WO F
EFETNEMOVTIOVARAT LOREFMAEITS. ZOETHET LY 7 MU=

TOLIL T2y RNV R Thb.

FHam FR-ERE-BEBEBEEZE LY 7 MU =7 OEKEREL T
F2ETHE LY 7 b= 7 OREMALE X OZHMEICET 2K E LT,
BN R RFEESD 2D I OERIC X DR /NT A — X O il
SR HTEBIOERSHEOMNMEITY. £/, HILVWEBABEKOEES
TV, AT LD E N L & 2RI AT O . &BIC, a2 —DFEREZIT
STARY AT LDOREFMEITS. ZOETHET LY 7 MY =7 OX4KHIE

([T—LF v ar RA ] ThhH.

#5E MR L OHER T LRERTOFE RO MDY 7 Py =T D
B TiL, HIERE DK KENTRER OB T TREIR LT o8E (R
) \CEDXDREENEFONEWHET L2 FIELELT L. BEMICIE, ¥
TFAYy FIZBIT % SNILEREDORRZ b LIZ, TOWRIEIZ X > THH
K OXKKEDKELZFHE, M2 HEE4ELT 5. T0%, a7 —

DEBRICE > TZEOFEMMELZFHMT L. 22T, #7FAY Y FITBIT 2%
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HEREPALNICHRLDF/BRE LT, RERTFOFENHIEKFOREIZED
FHCHEET AN ET VAALMCTEDLIREFETHIENTED., TOLD,
BB A L CHEER T2 T 2 L Ic X » THIBEIK 082 23 nfif i ik
BN, R0 REZAETE LA BELTHITES X235, 2o
REIC & - T, HIR 7o TRICIREZER 7R3 EMICRET 2688 ®ICx LT,
ZTORBENZEMICHETE2 X2 eBEZOND. 20D, arx
—DFMMERICIENT, EICHIEREFICEREYE LT K & “Ha Ty —
BUEEEE” 22y L, TORBHOEMOREZRD. ZOETHET

HY TR =T DLIE T4 /3—=22010] ThDH.

Fomw mANRXNMMEDODDLEEFMTEREHICERTHA /) N—a Y —L
DO TIL, #7FA Yy Rk HE, R Lol rsRmKECT L
DOFEINKN - OMEEE, OO TERH - BAHICERL, Hal - 220 T3
HEOHRBEEITO ZENAERTHY, 1/ X—va VEROEDIZIEZEHD T
HERY 7 =T ORFEALITS . BEMICE, 1EHEO M AT TIHE, H#
BE (ML OFMEM) ICHHET 2 LBESNIFEZOLETEHBEKN &L LTH S
FAYy FEREE L, SN EREOERNBRKAZKD, £Zn6 2 BHED K
TATNOD O EE LKA & ZDOKELRET D DITKFERATH
B35, X, 2EBEO NI ATV (B 1%, HibE e dEK T & Z oK
DHMETTHDLI AR T HT-DODODXTTFAY v RERETDH Y7 by =
TERET L. kB, BELEY 7 =T EEALT, A TH D AWM

DIEMEFI D L D RMERB O EREZAT Y, 4/ RXR=2a DZHDY — )b
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ELTOREMMEZFMETS. COBETHET LY 7 MU =7 DAL T4

—AY—)LEEE] Thb.

BITE EHRTIE, SEOKEEELYD, 5BOLDOI3 VOFEL LTAE

RN EDL I RTEMNRERNPO L0 EZELRL, LTS,
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EL2E ATFAYYFIZEETR—T AV MEEEERMLEE DL
UXEBY I b9 7DRH

2-1 ¥ B

e, BB O MM EMITRE R L > CHERREL 2> TND. T0
7280, FEMIC L ARFHLMT O I 2 b—3 g ida 2 O 4 2 712 il
PR OB ERICHF ST 260 LT, TOBWAMNILKL TS, Ll
FEM (ZERAL LT ET VICH L Th LGB 25 27E T 250 THY, &K
W LR Z2 EHEMIZ R T & O TR,

—J, FERICBITOIRERGERZOFEL LT, ERXREFERALTENIAT
NEEER DT kL, EBRICEEZOEEZFEMIICIY ANLSsZ LICLVA
EPFRERICEZDIEDLS2EEEBET D HIED 2 D& MAE D TR EiE
S RODETF AV FOBEISNILE->TEY, HFEEDV-COL L 1T
b TWD., ZOFTF Ay ROFIEL, MNBETIEEORMEMED TS S
XE/NESLKTHZELEICERRBL»NAL TS, LarL, EAEICBWTE, 156
DENFPSWVHEERENENGELID G, o2& RKREL EHAEEREN

FHDIFIVREMBREE IR NTCBWTHAICR GG DL R0,

ARKETIE, BIEOX TFAY v R T vy T EEE X =V A N YT
R =T 2B L, TROEBEMD CAE EHMEETY 7 hy=THEKL, &
INRDOFRFNT A — 2 OMEFITK T 2 HIWORMEEZ CAE TEHHEL, Th

ZH EICRETORNT A—ZOMERITK T2 BAYDO KM O K15 E, 1%
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R, BEREHOEESMAEHEL, REICEEOYRX—V ALV MY 7 hU =
T CHANRT AT ORBEMAETEWHET 2 FIEOT VI RAEHEET S,
Flo, ZOFEOERRICEIDEHERFFME LT, 7R VLEEDT L AR
FBICBTDHZAT I IRy 7 B&EZDELOXEZXHRLE LT, BERKORTY
YNy 7 ERAEE XN, LK/, ZSEEVZENENELE LIS DK

WM TREZHEET 2 FIECOVWTHRFL, 2OV AT LAOFHMEZ T 5.

2-2 BYTF AUy FOB

AP VLB I - BRGTEE RS THREEE ) OBk RE M A B & L, ARG NT A
— X ERELLTENWEHAEZZTEBY, ZORREOLEDITE TF AV v KiEH
WHZERDD., XITTFAY Yy ROEBEZFELTE, £2-11ZrRTE51C, 2
DRFINTA—=ZIZTHET L5 6D0EHIHKTF (4, B, C) , TD/IRTA—=ZD
BECHAEICH Y T2 b O & HIEIE - OKEE (4, 4,, As, By, By, B, Ci,
Cy, C3) , TEDRKESLCRMHEEICH ST 2002 LA EENENERT S.
Fo, TEORKESCHEEICRESCETIL2E 25X 2N EZ#HERK T (D)

ZOBERTFOBBESCKE A BER DK (D), D, D;, D) LEHFRTH.

Table 2-1 Control factor and noise factor in the Taguchi methods

Name Level
A A A A
Control ' : ’
factors B B, B, B
C o C, Cs
Noise factor D D, D, Ds Dy
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Rt F L ZEN O OMBE DEOKHIEIK T O KED G E ZWRGE - B
L2 LR EN DT, EREIEERETHUHEAINTVWLIELRLR (22T
T 22 DX H5IC LY BEARED) ZHWTEREDEIM 21TV, HIEE 7 0K YE
MEEZREL, TOELZXOBETITH > TEBRS L I1X CAE T 217 9.
T OBRICRZER A2 KHEITH > T, BHFFHEIZEO DT Z2HESED. 20
fERE ST 50, R/AROGEREF-OKEREGE I EICEEME (22 Tk
Dy, Dy, D3, DyD 41f8H) OLAFMEMEEZF S, ZOREE IV ELHHE p & ER

ZoDFFE I, LEHFMED SN I EEENKXQ-), RKeDICLVHEIND.

Table 2-2 Orthogonal array, SN ratio and sensitivity in the Taguchi methods

Control Result with
factors noise factors SN ratio Sensitivity
A| B | C |D |Dy |D;s | Ds (db) (db)
Ll [ A4, | B: | C; | 0806 [09]0.8 13.27 -2.08
L2 | 41 | B, | C, | 28123 |29 | 1.8 12.50 7.76
L3 |4, | Bs | C3 | 20| 1.7 |21 1.7 17.28 5.53
L4 |4, | By | Cy | 1.2 1.1 [1.3 [ 1.3 19.53 1.58
LS |4, | B | C3 | 09(0.7 [1.0]|0.8 16.51 -1.43
L6 |4, | Bs | C; | 1.110.7 [1.1 |0.9 9.81 -0.50
L7 | A3 | B: | C3 | 0908 [0.5]0.7 11.83 -2.68
L8 [ A3 | B | C; | 0505 0.7 | 0.5 11.35 -5.37
L9 |45 | B3 | Co | 1.6 1.5 (2.1 | 1.2 10.76 4.12
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SN ratio (db) = 10 log (u° /o°) (2-1)
Sensitivity (db) = 10 log u* (2-2)

COREREETF A Yy ROMEECD~CIE [ 2.1 O F 9 1o & HHH T
DKRHET LIZEBEFEMED SN L EIRENRFHE I, F4x DT A —X OERK B
REDPERR S NS, KN TA—=ZOKEOT T, SN A KREWEH DNEH K
DXL HDEZ/NSILTE, JEPRZVWLDOITERHELEOERELZ /NS TE

HIEHEEWRLTWS.

16
O 15 Bl fc3
S .7 k 2 '\
S 14 44 G
E \ g, /
Z 12 \ Rl /
11 | ¥A3 | | JCI |
A B C
Control factors
5
A1 C2
S 3| B;
2
=1
% A> B, Cs
5 -11
2 A3 B Ci
3 | | | |
A B C

Control factors

Fig. 2-1 SN ratio and Sensitivity of each control factor in the Taguchi methods
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COFECIVRELTERFITBREORELZITICTSL, BELCERS
HEMFCTEHZLEERL TS, £ SN AR KRELS TENIE, £
& EOHIHKF OKETERERFOLBIDRIMODTEET LW &b, E
¥ERTEFHEESN TS, 20, ¥ 7F A Yy RTIL SN L EEES T
TLOMYRELI LD EOICT D 12 BRG] BNMTbhTwWd. 7, REH
(A% B AT Bl 5o 1F & e BESR R 0 SN b & R O R4 75 & HEE i & bl LT,
HEMDBERICBNTHIRIEFHIN TV LEERINLTND.
ZTFRAYy ROPTEHEENEH LD, &K/NREOHIEIKE 1O KMERE S
DOFEBFERS LA RZ b & ITINEERIZ X - T, SHl#ENKE 7 o KEED 2
MEEOLHEFEMED SN L EKENEGICFHHRETE (BR) , LrbEhbo

T RICIRELELZEE TILATHD.

2-3 ETORHANTA—FOMAEDLEIZHT HIFHEETEE
2-3-1 KVRTFLOFTNLIYXL

22 [C A2 TR LSRR IEL A CAEY AT AD 7 0 —F ¥ — k&R
T, BE2M{ELV A CAE VAT A%, Part]l : HIEO X 7 F XV v KEBSy, Part

I : BER® CAE #14y, Partlll : AFEM~Rr—T A FE THRKINLTWS.
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( Start )
Part I

Input : Control factors and

these levels, noise factors and

these levels ‘ Part 11

Control factors were arranged The desired property was

in an orthogonal array. This is calculated by CAE simulation

compression of trial number. [ with the orthogonal array and
| back to the Taguchi method

SN ratios and sensitivity of the path.

desired property were calculated
for the all combinations of the
control factors.

Part III

Averages and standard deviations for all combinations
of the control factors were calculated by additive
theory.

|

Distributions of the desired property were calculated
for all combination of the control factors by the
averages and standard deviations.
|
Input: Data for productivity management
* Ordering condition
* Productivity condition
* Priority
|

Calculation of the productivity management factors
* Success ratio
* Number of product
* Machining time per a product
+ All time for manufacturing of the product
* Total cost
|

Priority output: Optimum combination and optimum
productivity management factors were outputted from
all combinations of the control factors.

End

Fig. 2-2 Flow chart of the software for the perfect simulation system of
CAE without trial working for the products
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HIED TPartl : ¥ 7F A Y v Ny T, ¥, #7FAY Yy ROHPT
RSN TWDIERZREAMHBHL T, XFHEMETERICHRI L2 TE2s 20
R GEE T A—%) OMAETZIEMT 5.

SX|Z, [Partll : BEEK D CAE #5543 TiX, BEK® CAE V7 by =7 T*
DF/NRDRT A =2 DETICX T 2 EOKREMBEHAE TS, 2O, K
INRDRT A= OFEGEITT XTCAEOANETH Y, Fr L O FPEME 1L CAE
DM TH L. BERTEHERET-OBERE T ERE42E L THEELZE,
ZNEHAWT CAE O ATETH 5 lEK 7 O KAEE 2 A8 X, MEERICE
ERFORBELAFE ST, ZRICE > T, RAROHIHEERFOKERSHIC
%35 CAE A R & LT, ITEORMEME - 20 FEE L EERAE - £ D SN
WERENHETE D, KBS, B MPart] : AEO X 7F A Y v RESY
IZFR Y, CAE OFFEMHERZ S LITIEMEIC X > TEHE K 10 2 A1t
THHEORKEME (ZHFEMICHIE) O SN ERENKLICHETES. =
ZTIE, BOX IRV T LAEEDT VAREEBINZE > T, Z ONMENE Z 3¢
CHAT 5. mn O m ZHER T, 0 % OKEERETIE, HIEIKE T m- K
W n \IZxH9 5 SN X SNy, BRI Sy & 725, THIXE 7 F A Y v RTHR
R EERT HABEB CTRETHERAL RS TWD. O IRV T LAEE
DT VAR T, HIEIKE TN a, b, ¢, d, e, f, gD 7T, HHEHRKT aD
KHETZVF 25 6 T, 5% 0 OHEKE F DO KELS T E IES5>THDH. 22T,
T2l ZITERRICE S CAE AT TILEERITAT o TV 2R W HIEK - & 45 K HE
DFLET ad +b2 <cl <d3 -e2 +fl g2 DEMFTD SN SN s 12 1, a3, e2, 1, g2 &

JEPE Sug b2, el a3, e2, 11, 2 DHEEMEIX, K(2-3), Q-9 THETES.
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SN a4,b2, c1,d3, e2, f1, g2 =

SNa4+SNb2+SNCI+SNd3+SNez+SNﬂ +SNg2 - (7-1) SNgye (2-3)

Sa4, b2, cl, d3, €2, f1, g2 =

SastSp2+Sci+Sa3t8e2+Sr+8q2 = (7-1) Save (2-4)

INBHDKT, SNave & Save (K HIHIE T« HAKAEFT X TITXT D SN b & K
EOEXNENEWMEZ T, ok, XQ2-3), Q-4)DEIREKBEOEH 7 I1X4H
PN N A

Z D%, BIED TPartll : A~ 3 — Y A MY ZHAWVT, #HlEIA
FORMETITHT DL ORMEE O SN bt LR B E 6 OFHE & i v
fMAEZFHE Lotk, EEERNAMICHED EREL TRESMEHCY 2R,
DR DO ER N ZFH L CEEE YR —V A OO OERET —
ZLdD. £, TITEEHEND, TE, MEESO X MR &N TR
MEtHEICHE R T — X A1 E, FTEOa A b« il - BE (AZE) 2o BH E
ANhEzzEnEh=id%, £HEKRFOKEORHEEOFNLHED 2 X
Ml - BEEZBLITDORBEHAEEEZEEE~ X —V A b T —FOH )

HIBEBIRT D, ZOAEE~F—T A FOFEMICE L TIEXRE THAT 5.
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2-3-2 AEHIR—IAD DA

RER DR 21T G, FrEDOFRMEED SN o & & E O W3 hu b A RIFIC
Rt B OFTEDOMEIZE L 2 5 H K FOKEREEEZASITHRETE D LI

RO, £, RELZHIERK Ik CTLEMBEZEEL LS, 2 X |,
INTHREE G ERRFAEDORLENORELINITHNLIZ BRI HD. £
ITC, KVATLATEHAMBEDOY 7FAY v RTHEAELEAEE~Y X —Y X b
T =2 (FHIERE T OKEOBMETOELSA) 2 i, AN, IMTH
M (W), REERZHETLIET VEMIL, TORNORFTENLHTLT D
BHEHEZHIRENICB S L 2 &N AREZRGIEE 7O KEMREEZEET D
ZtizL7.

WA AEFEMEFT R ET VIZOWTHHT 5. X 2-3 13K HEHEFOKEDH 5
MAGhOEDOER M ZRT. MEIARFTENSEE T 25MEE GHERR)
ThV, TOFRMEEOHFAEZEL L TAENREINANIE, O T ERMLORM

RGCERDDLZENTED.

A Tolerance .
() >i  g: Standard deviation
] .
i u: Average
1
-0 P -.,:rcri
§ / \\ ! Non-defective unit rate
- / N G/01,0.0)
o
e
— < 1 E#

u

Fig. 2-3 Cumulative distribution function

-29_



)\(\ Nagaoka University of Technology

Flo, MIEME, RSROHETEM, HEHEAM, HFEMME, 6882 Hko
JEAME EN e SR AR, AEPEICE S 25 3 X MO LR 72 EoEpEMEZ, LIT
WCRTAEESRFEET LOXQH P LRQ-NTHAET LI ENTE D, 7,
MNZEAE L LT, AR O KEMRESEITKT 5 BB L T 2 FrEE o E
p EEEERE o &, RETE O T ORFEMEA~DOBHIE & L TRE o DR ENIT,
WRAEHELTRMEGHRED. ZOFEM 5 EICE L Tkt o R0 A5 B

BCPERWCCHANITETH 5.
G =/f (Mo, u, o) (2-5)
APET RERAEFER NI, ZHEFEE Now EEME G LV XQ-6)TRkDOND.
N = Noal G (2-6)

TN RET DO 2 TR V &, 2AEPERN, BV EFH, 0%
o AR LM T A3k £ 0IE, TR V OB v 33t EATRECYTh v,

TR 1T @AY= oMM TEE/- T, 1%, NQ-7)TEFHETX .

T =3 (from 1 to final machine number) TV (2 7)
m -

N THRER] Ta 1L, 2AFEER N & THERN 1Y 720 O LR Ty 25, X

(2-8) TRtHA TX 5.

Tau=N T (2-8)
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B A Cinae, THEE S B Cas, RNEAMOBEIE 2 2 b Cyis, TERM 1 Y720
O TAEHEM O JFMEENE Copri, WIS T2 0 O NFEE Cn & T 7L, AEE TR

F CallZRQ-9Y)BFHETE .
Call Z[Cmat+ Cwas+ Cdis(l -G ) + Cm—pri ] N+ Tallcm (2'9)

U EDEESHEET AV EZERALT, X TOMLEHFOMERIZET D4
PR A FHRIXATRE L 72 D

B4\ fc i 72 AN R 1 D K MERL B R IR E T D 7201, REE BN AEE Y —
VAVMNEBEBELEWEBSZZERERIZOWTANERZT, BICHELES
A O RMEEOAEEMICET 247 — % O KR/ ZHE - - ET
&7y, T4 A7 — RN+ 5. BEEAEE LT, £ 2-3 TR T
Loz, 9, BINLEM Tu A —FHNZ L&, RAEEEMN Cu S —FL N
L, BEEGCHRRRICRDZ L, BE T 2RMEM GHERER) ORBENRN
ZED4oEEZ. £2, ZO4OOHEBIIK L CREEED DB EHME O BUE
ANESHE, Thia 7 V7 — LR FOKEEEGEELZEST D22 & bk

W L.

Table 2-3  Priority items and its combinations for the productivity

Each priority Total time Total cost Non defective Accuracy
item unit rate
Productivity Fastest Lowest Maximum Highest
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2-4 BENSA—SDOERBEILZHTET DFE
At OB &2 FKICHFF RN T A — X Ox#ElLEHET DY 7 F U =7 OIERK
AT o 7.

ER L7y 7 b =TIL, Z7F AV y RY 7 =7 LEENE~
X—=VA MY T P =T OBREEHERSbDERD.

M 2-4DEH12, KYTZ b U=TFZ7FAYy REFHALT, TEMLO
AR BB T, 2O TERGORG T A —F BHIMREF, ERICHRELY
ELIHELNTA—FEBRERNTE LT, BLLRWAERFBEORBITHERE S &IZ,
ETOHBENT & ZOHEREFOETOEKEIZHT DX 7F A Y v Rl

(SN b, BEDOHEE

) BEO, ZEBEOVFHEEEFEEREZHETD. K
WZAEEE~ R =D A MY T P =T OKRES LT, T ONVEHE LR ERZED

LR 72 Y D%

[m]=}

bTEMMOERSMEFR LILE, Thzb LIC®/Ea X N, AERRH, B

o RIS 63 D AR PE A O Ay RRAT 2 R S 72 O O A5 il il A+
i K AEDHETE 217 9 .

£, AV T P27 E3HEERICFEAZER, AL TS ZETHELIC
fEFT A A RETH Y, ~=2T7 VBB LN ZIED 52 LT, #TH M
HICHAEGIEEZER T2 TE D (M1 2H]).

0 3| Pux

# [ 70y | [
2 REDIAD 2 .Q] s tiboal ﬁ] ceapsmdl
Horland Memary Manag B Borland Ge+ Mult 4 AT
29 WL IS EERTD o : t
@ 07T Web ICLWED
W COTINEERETS E-stene

Fig. 2—-4 Please copy for this software in optional place
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25 RITXRVILEEDTLRABHBEE LR T LD
(RBEMIEHEDETE)
2-5-1 RFY TNy EREE
KV ATF ADOFMO DR LA 7Y v 78y 7 EBRFIEE, K 2-51C
RTHEEAERAL, SMETEOREICMEL =%, WAl L2E8A LeRRA
A A LICRET D, WS ZAICHTEDOMEZNT THBAZEEL, N
FHRBRA T L@ 5 70 mm M LIAAF RIS SR L, B S 2 &

ERRid b, ATV TNy 7B gix (2-10) ZHWCEET S
n= | rmw—riml /1 (2-10)

T 2T i (TR OB R B O SR, (XA O e (8
YFOEEmE) THDH., ZOEREZEEICHNLDIIHERIERTORT, £

NLAAITT R Ty I —raickwitor-.

Load cell

Blank holder force Blank holder

e |l

Heater

Punch Test piece

Fig. 2-5 Schematic view of spring-back testing mold
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2-5-2 RFIYvINysrzar—ay

ATV TRy 7Dy 2 b—3 g IR OB AR A R B 3 R R
Hr> 7 b PAM-STAMP % fli [l L 7.

B 2-6 12V Ialb—varE T VERT. BETNVEANCTF, TR, RIS
Z, RBAPOERINL TS, EFEERIBERCTCOHL LD, HED
WMHEACDT= D5y D —DERy DI 2T T ML Lz, @RI Y 3 2 BRI T
KOG OERIC L DRENEBETE LI E/ NI EEZ2xbNbZ &b, &
HORBLDOTZDHEY = VEZTET VL LT, RBA XY 2 VERETET

b L, BRI T L RFE o I LUz 1 Swift B o X (2-11)Z @ H L 7-.

c = k(g +eg )" (2-11)

Nodes : 3740
Elements: 3534

Blank holder

/

Test piece

U

Fig. 2-6 Schematic view of FEM model
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22T, o lZFERE OIS ), k1IN TR, e XA OT H, e, XM
O, n ZIMTEERTH LS. WKL LTH A RTHY T2 ER LT
RICEHEE L, XU FERFEZCHLYTL2ERI LT ARICOLBEITS Z
ENTELEIERL., MM XICEIRMPI A WMEL TR, 3k
FrlmvTF, AR, RIS 2 2N B RICHRARAE & PRk O BRI & 0 3%
L7, BIETHELEV AT DB W THBITE21T 9 .

K 2-41TABEIOY I 2 b—ra BT LHEIN T ERRERF AT, HlE
K+ & LT, RIS ZT), N F W, @R E, 3RB A, EigA ofEE,
A RAFHEE, NFLEAADTOMEMT 5. LRI 2%, ER
E T oA b, REBAMEIC/ERT 2R NDOBRICEER L, TORELEE
MR T 21D AKELM DR F L VL L ToKEE L, NUFHE LSS
BRI ERIEE OfERICESE, £ £ 4 150, 300, 500 mm/min & 150,
200, 250 Co 3/k#EL Lz, HEANIL, @l CEEBEEME N FHESR
GRNRE OB L TREEELNDLT 7r v — e, 2l CEBREREN
AN FRESLSIREDOEIIH L TALE L S MEEH E, F %
AE L. BRBAMBIIA - —NR25 2 MEOELEM M L 0 &, 55
XN OMD3FEHD Ob MERMEWICHE L. &MBROHMEK & LT,
FAZADOJF¥PIT 8 mm & K £2mm, N F & XA ZDOMBRIE 10 mm % £
HIZE5 mm TOLZ-. MREKRTF L LT, 1 DHITEREREORME LMY 2
RN L S, AUCMEICRE LRSI 2. 2 SDHIERROLB IR
TR < MMBREORE M bTe b2 H 2 eREE. 3 5 IEATE DR

AOGIRBETSH L. ZNEDOKETH L0, WS 2 LI TR D%
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Table 2-4 Control and noise factors

Levels 1 2 3 4 5 6
a:Tension
10 50 90 130 170 210
(MPa)
ED Levels 1 2 3
E b:Punch
'S | Speed 150 300 500
é (mm/min)
Cc: Temp,
' 150 200 250
of die ( °C )
d:Lublicant Teflon Lub.C Lub.D
e:Test piece Mat.M Mat.O Mat.Ob
f:Die radius
6 8 10
(mm)
g: Clearance
5 10 15
(mm)
Lavels 1 2 3 4 5 6 7 8
Blank holding
-10 | -10 |-10 | -10 [+10 (+10 {10 [10
force*
5 Temperature
S ] S-S [+5 |+5 | +5 [+5 |5 |-5
& | of die*
% o [MatM* 115 |+1.5 |-1.5 [+1.5 1.5 |-1.5 [F1.5 |15
“ | | Mat.o* 3| +3 |3 [+3 [+3 |3 |+3 |-3
A
Mat.Ob* -10 |+10 |-10 [+10 (+10 |-10 [+10 |-10

*runit = %
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VIal—ya rEMHICE D fFTEE 2SS ICRT LoD, £ 2-4 TR LUEH
R T EZDKREELZS LICLISEREXEZH W To7. ZeBiEIIT 6 KEDH LT
W, ZAKMEIEIZLD LISEARAED 2 /KESH D 1FH L3 KEH L 2%H MG

HTokKHELLEFMNEZITYOZEELT.

Table 2-5 Orthogonal array

ol Contrfactors
a: b: c: d: e: f: g:
Tension | Punch | Temp. |1 ypricant| Test | Die Clearance
speed | of die piece | radius

1 1 1 1 1 1 1 1
2 1 2 2 2 2 2
3 1 3 3 3 3 3 3
4 2 1 1 2 2 3 3
5 2 2 2 3 3 1 1
6 2 3 3 1 1 2 2
7 3 1 2 1 3 2 3
8 3 2 3 2 1 3 1
9 3 3 1 3 2 1 2
10 4 1 3 3 2 2 1
11 4 2 1 1 3 3 2
12 4 3 2 2 1 1 3
13 5 1 2 3 1 3 2
14 5 2 3 1 2 1 3
15 5 3 1 2 3 2 1
16 6 1 3 2 3 1 2
17 6 1 3 1 2 3
18 6 3 2 1 2 3 1
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Flo, BREROE Y I alb—ra VEFIZRHT B ERFOMAGDEIC
WTIEE 2 ORFDEHECEET L enTRINLT2D, fHaETIcT T
(2°=81EV) OHAICBTLFEEIT- .

R 2-6 121F, REFEVRE LLAEMLER, 2 X FEHREISHD D D% Bl 2R
. ZhE, 2006 45 HBEEORERRICESSLDOTH 5.
R2TICKERBERH IR T 2EEMLEMNEE, ZORFICBTFIATY VT
Ny BOPHE, BdhER, A7V 7Ry s BRARER, WAERERR, 4Eo
ANOHEMEERT. ATV TNy 7 BEBERBESGEOSE, ATV T
Ny 7 EmYEEEZ 0.0039 FT/HhSLKTLHZENTE, ZORFOMRINTERHIX

7.8 FRfH, MAEEa A MiE24.6 THIZRD.

Table 2-6 Model ordering condition and cost

Tolerance(Spring back) 0.01
Ordering

condition Order entry(hour) 1000
Delivery(hour) 24
Mat.M (yen/unit) 260

Magnesium
sheet Mat.O (yen/unit) 180
Mat.Ob (yen/unit) 180
Cost Teflon (yen/unit) 50
Lubricant Lub.E (yen/unit) 0.304
Lub.F (yen/unit) 0.0531

Disposal cost(yen/unit) 2.16

Charge rate(yen/hour) 2000
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Tk L CTRAEEBEFMEOS AL, Mz ailzrr 7 e vr— ke
OZfli7e DIMEMICAEE T 52 LD, ZNICXV AT TRy 7 &Y
fE1E 0.0091 I L L B a3 b 13 %R T3 223, 224l 70 i v AL 0 20 R 23 s
D, K10 %L 22.6 T THAETE . WITHRAEERREBLESZEOSE, M
T3 B % 300 mm/min 7> 5 500 mm/min (M E B 2L TRAT Y VI Ny 7 &

BRI K 0 AR RERFIA] 2 50 36 %EHE L T 5.0 RFfICT& 5.

Table 2-7 Optimum processing condition at each priority

: Total | Total |Non defective
L. Spring back ) ]
Priority item cost time unit rate
Have Cail Tan G
a: Tension 5 5 5 5
b: Punch 2 2 3 2
speed
c: Temp. of
'S die 2 2 2 2
"é d: Lubrication 1 3 1 1
)
Ol e: Test piece 2 2 2 2
f: Die-radius 3 3 3 3
g: Clearance 1 1 3 3
Spring-back 0.0039 0.0091 |0.0071 0.0047
fecti
Non defective| o9, 194 | 035 99.7
unit rate (%)
f
_ | Numberof 1503 1106 | 1070 1003
5 forming (unit)
¢ | Total ti
e | Ot Hme 7.8 8.6 | 5.0 7.8
(hour)
Total cost
24.6 21.7 25.6 32.6
(10000yen)
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F7, B BELELETIEZ VT I AEIEL TAZ ETCRMLENN LT3
Dy, ATV TNy 7 EERRMEORLEN 100 BT WTZOFEDETDT N

ToH-oT-.

SHEE

R

; B e b | bt b o g e L S
ol i iy " ot s
155 151 26 377 460 402 T15 598 541 1076 1234 1392 1550 1705 1866 2024 2162 2340 2458 666 2514 2072 3190 3265 G446 3604 JTA2 3020 4075 4296
REE

vy i, e 2ok k. N

155 150 262 574 456 598 710822934 1065 1225 1382 1538 1695 1852 2008 2166 2322 2470 2636 2703 2040 3106 3263 3420 3577 3733 3800 4047 4204 4361

0 Combination number of control factors

(2) An example of this system ( SN ratio, sensitivity, average and standard deviation for a spring back)

T EGRA hour)| A F Gvend Cheap
g 3310 = &0 216887 ||
%f 2256 A=) 2465226
§ 2253 A=) 245226
S | [ =330 780 CAGZ2E
% 3055 780 ZAGZ26
= 3987 7.0 PAG22E
.S —
g 4053 A=) 2465226
:Q T —
(% 2337 A= 245311 v

(b) Output of calculated result ( Kind of priority is lowest)

Fig. 2-7 Two examples of this system
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mE, K27 IR AT LOBPH IO —Fl 2R (a)lT A il K T
DEMETICHT2AT Y 7Ny 7 & SN, BKE, FHHE, FEER
AZOWDFER, IR bZMCBIETLIHGORIER R TH S.

2-5-3 HEREER

ZTFAYy FRICKOMERELHRZB T L2120, ERIZATY 7 A
v FEREBEAOCCHREREZT 72, EREMEORE FIEX, FEBE
DEBRTIIATIV 7 Ny 7 BT 0.1/05 050N EL®AREE X<
ETERD, WHELLLAT IV 7Ny 7 &FBEDN 0.1 THELDE N &N
ER LM T &M ERESEMAEEL 05 TELOENRKERDIM LM%
BKESLMEE L CEREIT- 2.

F2-BIZHEBREKM L SN, BREOHEEEZTT. REBEREET X A
AN 8§ mm, N F —FX A AMBIL 10 mm ITEE I N TWDH DT,
EBREGL N EZMIZTHEACEE L., RKICERICEBIT H2EER 7O
MAFTETHLN, YIalb—var bABEICALNICERSMEICEE
EhH 2. TOHFEEIEMESZ N EBECHTI2EETIMBICHET S
LR, ENENEIO%, E5%REBEET LT LI LD EB L.
F70, MEHCBE L CIXEEM M L ORRSGETIEEREZITVIEDL S X
s L.

K2IIWICERIC I - THELONTLRESRMF L RERED SNILOZE L EKE
DEHZMGELT, HHEMELB L TRT. AV AT AOHEM & EiE

® SN L O FIFF1X 0.07db, EE OFIFF1X 2.19db L IFIEHBE I TWVWH T
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Table 2-8 Estimated SN ratio and Sensitivity for best and worst conditions

Best Worst
8 Spring-back 0.09 0.45
g Std.deviation 0.007 0.100
é SN ratio(db) 22.18 13.03
E Sensitivity(db) -20.92 -6.94
a: Tension 6 2
. b: Punch speed 1 2
é c: Temperature of die 3 3
g d: Lubricant 2 1
o
e: Test piece 1 1
f: Die-radius 2 2
g: Clearance 2 2

Table 2-9 Comparison results between prediction and experiment

Best‘ ‘ Worgt‘ Gain
condition condition
SN ratio Prediction 22.18 13.03 9.15
(db) Experiment 22.06 12.98 9.08
Sensitivity Prediction -20.92 -6.94 -13.98
(db) Experiment -20.92 -9.12 -11.80
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AKETIE, BEOEZ T FRAY v R T7 M 2T ICEEE~x—I A

Mg AZBEML, TLEOBEO Y ME, HEERE, =2 b, MM,
BRMELZENRTL22OOKELRGIEEA -+ OkK¥E) oMaEE2HET DY
TV =T ERAEL, /XU LEROT VAREOE ZMHEH LT,
COVATLAORM L. B 2 EORMREOEREETLDDHELUTOL
BYTHD.

(2-1) BERIELV A CAE VAT AL, T _XTOMLEHFOMETITEBIT
DAY TNy s B, RERE, EomaeE TE,
KEORTV TNy 7 EBR LB LEMER, ThoNEERCL
HETETWVWDLZ EE2HABALE.

(2-2) AEMFHEETETARNEZEREL, TXTOMLEEICIBT D AEEN
KArua#HETL LIy, SEIEREBREEMAET L OREMNT

XrETHNST LR TE.
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BI3E REFFOSHZZFELEVILIIIZOEREL

3-1 #&

ERTIE, BENBLIOBRENAOBREDOEENERICEEND Z LN
—HRHTH L. TOBRERFORLBIZIBW TS AN MME (GEHREEZR) ©
HOHLHIEKNTFOMETERRBETHENTEL X I T A Y v NiX, W%
C-O~CIp e iifTbhTnd. 2 BV RLEXLIICTIZAED X
TFAYy RNX—=RNEEFEE X =TV RA IR —= ] E2EELEY 7 MY
=7 HZRBL, YT ATV ITLABEEDT VARFBICB T H5ATY 7Ry
7 BEAEXRE L TREMLEDOHER TEOHFMEL ML .

RKEFZZORBHEL LT, ¥7F AV v RIZBIT28ERNT O K
TOFELHOEE2EZEELT, BERTOSBE AT ANICEYY AR, &
AT LOEKEEALEIT S . F e, LT OB E R O B o B & 1T
ST, RETITERECOWTOEMET L. KEIC, W 200 H%

EFEFTNAEZHANT IO AT AOREZEAMEIT S .

3-2 REAFOIBZZBRELIFHEFERBELOATLOEREEL

3-2-1 BTFAYYRIZEEIR—TH AV MEEZ RN L ER2E
fEL R CAE R TLNDERHA

RKEBEBOR—A LR H5%E2AELV A CAE V2T LT 58I, FH 2 E0
2 EiD [ ZT7F Ay RO & 23 8o [2TORE T A —F DI~

BT DRMEERHEEE] TR LIZEBY THS.
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3-2-2 BRMEOEEMTR—TAE
VAT AOEFEEALIE, FREOATIE RS, BRI L TChEAT 572
W, T TIEHERMEICOWTHBAT 5. BFFED SN b &IRE b, R
DX ITHMEOFHEEFEERFREZE I TE Ry, 207D, F2ETHEN
TCRBEOMBEERNORME GHHETET, 2 X NOEERMZR & oA FEMER
THHET DL ERTER.

ZIT, RVAT ATIHEBFEEICBOWTCOAEERNT-Z2HET 27201, X
3-1 WRTEIHICKEFRFICBILIRMEEZZAL T — > OFFEDEESRK
ELT, BRERFZEICEMEEZRO CTAEERNFZ2HAETLIZLICLE. X
3-1 128 WT, RO REED y=pM) TR IND & X, HtihiXH /1 TH 5 §r
PEME, BRENIA D THHIEBRNT MI~M3, £EFKHTICOEH DHFRMESA

NENTEZEEDORMLEGI~G3 Z /L TW5D.

T y =B (M)
G;
N G
S .
g G \\\ M, : Signal factor
G; : Non-defective
SR )
% unit rate
M, M, M;

Input Signal factor M;

Fig.3-1 Distribution of each signal factor
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WHGEE LT, B X 7F 2 Yy NOHEEZITo 2%, EEME~ X
— VAV MIADEBTHESRFORMEMEE WD THREMEDOF R 21TV, #
oL A L RBICERZEZOMATIZ OV T SN I, EEOFHHEEZITV, £ T
DOHIE R F OKEEMR G EIZHONT, KEFRFOBREERE, FAEEZFET L.
ZLTCEGEERFICBT2HFAREE AL, BROABEEE AW THEERT
DEMFEOFEZIT . REMICE, FHEREFOKERETIZBNT, 2E
FSRFFTHRBBEWVEHELREMEE L, TOEDO L H W TAELLAERE=
AR EOEEERFOHREZITY. 22T, KHIEVEMLEEZ WS EKIT,
2EFRFFTHRLBERVEHEEZHWT, RO EMEE LT 2D 0kRE
EREEZFHETE, MoESRFICENTHLEOREER CZREME LM+
O ThD.

ED XSzl T, BiftEoGaIcB T 2E TR 25 E L AEER
TEFHETIE, R L FRICRHERTET 2R EEE RO 5 2 &0
TE 5.

3-2-3 YATLOERELRERERFOIMARIR

ZTFAYy RTIHE, BERFOKEIZZOBREDEID 5> D&RKERND
2ODMEEMERT A2 ENEL, TROFBEANT L LTy, T,
HAEN R - O AT 2R ET DRI, SN R O K/NBESR (8 MR 72 i3
f) ORIZEHLTWDHZDTHD. Lnl, REERAIEL A CAE VAT A
TIE, RSB CAEESRGEET VZMEA LT, BanE, ApERM, £AEa X

MR EAFET DB, s TiHEINLAHERE - OKEOSHEEITHT D
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THIE g & AR o DRI, AR R KX S HBT 5.

ZIZTARVAT LTI, VAT 2ACHERTOSMEBREL, ftRIhD

SN kb, JRE, FEHIME u, EHERZE o (B W CTEMER 2 K/NBEGR O 720 TlE 72
<, EEMTEEERBMENHE T L2120, HEMICRFEME Tl T

E
H%E \—Iﬂn‘l_%‘@%%j—éﬁi fiI%;@E‘nﬁ)po+T%5VXTA@*%
fEL7-.

B 32 IR AT ATHHAT 2 2 o0 EZK O BIEELE ~T.

N
1
i i Average
2 :
2 | o : Standard deviation
3 :
o 1
L 1
. 1
1
1
1
1
U
(a) Normal distribution
N
1
]
i m : Mode value
>~ 1
2 \ oz : Left standard deviation
5 oL | O . L
g — —> or : Right standard deviation
= 1
1
1
1
! N
m 7

(b) Distribution that stanaard deviation is different of right and left
where on the boundary of mode value

Fig .3-2 Type for two dispersions of noise factors
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IS EO S BBREEIEROMAICREEINECILEEZ LN TV DN,
RKUAT ATIIENE, MENREEECL->TAELIBELISRLLT, K
322 R T LI ICER A &K 3-20)I 8T X 5 IS M & B2 (2 /2 A7 CAE vE
WmAENRL D ERSMAO 2 EEE A L.

RYATHTIE, ThORERTFOLSBEBE LICRRER T DKL FHEHE
EFRAWTSN L ERELFRTHZ LT, ERNALTFHME L EERELZHEET

% .
3-2-4 BRERFOHBEERLI-FHHEAE

T DIC, ANMEINTERBERTOFPEEEERZD 2 DO /NT A —X

MORRERTONMERD D .

1
DI(7¢)
FRy, |/ \///
\
Il \\
FMI A%%% %%Imﬁ

Value of noise factor /

Frequency

Vv

Fig.3-3 Distribution for noise factor in the case of three dividing equally
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DEIL, O EKEODICESEIL, DB SN SEIBEOKKEM L, &E
B FR,ZWRET D 33183 %FpLics EOMERNTOKMEME L, L, £D
FEHIKN D EEL FR I DOWTIRT . 8l SN - &I O KMEME Ly, & R FR, %
ML ET, FFHEICERERTFORBEBREIELIENTED. bHRE
K1 DKENEpEFTHEIS N L&, BERTES s, HRES ¢ nHS
NI —DODOKREFEIKDMEN a 26 b T TETNIX, ZOKEDMH L, 1TX(3-1)
TRIN, TOEBENOEL FR, X, A% DI(t) (EH DG FD 100 1272

HEDICTHEBET OMELRYIATL) HXGB-2)TIHAETES.
le‘= (a+b) /2 (3_1)
FRy=/[."DI(t)d € (3-2)

W, MARNFIIEED Y, BTSN A OKEME TN Lo« Ly Ly (R
2R T e DKAE L, BRAERT fOKHE2, RERT g DKE3) LT, €D

FEEX EN o1 . 3 1ZN(3-3) TRHA T 5.
EN o1 . 2. g3 = FRo X FRpy X FRy;3 (3-3)

KU AT LATIHESEEZ 3, 5, THEpE L. FRFEeZET 208
X, FEEIENE 2 D LETREREIL B DY, BORHZEHR R E & G R[] 25 4
NI Bz, HHTLIEECEDLELILDTHL. vk, Fn®lize F, 4%

KT7¥zn T iE, REOCHAEHEITAG4H)THETES.

E=F" (3-4)

-49_



)\(\ Nagaoka University of Technology

ZDORNIAT FERTIT O LB 13D THMERIERIZ /R D728, CAE DNy
FRHTHIEIZIT) 2N TEDLDOTRERME L T2 L0,

WA, EARZRIZEN T BT i/ MR O HIENE O KEMRSEICHONT, K
G-1) L VRO ZFEAERNF DK KUEE Ly, 2 IV T CAE O AN %2 3% L T %
1T95. CAEf##ite, ORI AT LRV MHT#E R %4 A J) LT SNt & J&KE D
FEEITY . ZOFETIX, BAER T OKEM L, 253 5 FREMEA, FR,E S
HH0ELTEEAEZIT.

LED X SIZLT, EoEl&noKEMEE EREZ NV TR I SN s
WX, BMEOSHMPIBEINT-EREEREE D,

BB, EREZPOHBEIK-OMAETIZOWNT, CAE O MR HR TH 5 Ktk
BORWE 777 TCFxy 735, BITHBRIZLIIZ, —KAIZERZED 7K
BRITERDMICRD 2 ENELCY, BoEEE~T -V AL MTBWT,

S EMAMICHE D EE L CRBOMEEC 2 TRAROHF %
TH. E7z, BRERT DS IGIRD MR & 5 A TREMERAEN R 722 5 ER
DA DOEEIE, b OEEE, EUOREERE o & AR OEERE op O 2

DT T, TERENERSMOLGE LREICL THELIT .

3-3 BEFEETILZRAVEVRTLOEEM
3-3-1 BMEETIEFMAE

33 i CWR LIZY AT AMCHE LT, BHEETNVEMOTE ORI Z A M

T5. FHiCH o T, TEMNRFERTHMT 2L BARETH LN, FK
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BHEFTOKEER F2F 2y 77570120, BENOEENERMICITVSF
G r0Y, FHICVATLAOFMMMATE D EELT-. mEIXG-5HTERE D &

T, HESPHAETHOLNDME M & HME (HMMICELWME) TOEERD,
e=M-T (3-5)

AZAITHIERCHREICIVEEEZZ<ITIZ LT, REDODMEHGDLZ ENT
EIE, TOEZLHEEZIT) 2L TRADEIZTZZLENATE, MmRELTE
EOHEEMDEEZ LT HZ &N TE D,

K(3-6), XGNP AREFHEIZEMN LR FEET NV ERD.

Y1 =(A 8(E1)+B+C+D) E(Ez) (3-6)
y2=[log (A4 &) +B)/(DEE)]C (3-7)

FERIZBT D 9 & 3B HFET VORI CTH Y, A~D IZHIEKN T, E|,
TEERNFT, TNOHDOMEEF3-1ICRT. ZZ2TRG-6)IIT LIRS

HHLEFET L, RE-DIIEbEaEE e LN LTERA L.

Table 3-1 Control and noise factors

Control factors
Name A B C D
10 40 70 100
Levels 20 50 80 110
30 60 90 120
Noise factors
Name E E,
Average 1.0 1.0
Standard deviation 0.1 0.3
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INDLOHFEETNCK LT, BERTOSMAITERSME L, BERTO
IKHEZ D B EIBIL 3, 5, TS50 D3MEE, WO ORK -« K/AD 2
RELVEREZGZ2720VWGE (ERNPLETFRAY vy RTEL S 0H) @
B4 FEEOBENHDO AN FTEDNT, KV AT LGOS OFEETT S .
ERRITLYERREZHEHL, KHIERFOKERSEORMEEL, 4 EEOMR
ZRMANTEZOWTENLENFHEAET L. ZORMEEZRR LY AT A
AN L, ETOHBEIREFOKEREFICOVTEHE L EEREZHET 5.

FEMEE L L C, ERE L BB AL LR ES A E VL. g,
F3-1OBRERTOHBNT A =L THRENMEEESL, TOLED
IKUEMH Ly & BEEL FR, 2 W CTHRAMEMEZ IR L2 b 0T, EERICK Z 2k L
CRESMEELM LI O THD. OIS NTZBRESAAD, FrrEEIC E ik
SRS 5 LARE L. BEEGRESAOMAED & X I1T1E, KKy L B
D2 RFBIMYFbI, ZHOBFEEOSMICEG 2 2RBENHEEND. &
NHBENAZ AN TETOHBERN T OKEMRASTIZO N TEHME & HEAER
AEFEL, T b2 PHEORME, MERECHEMEL L. 202 >ORE(H
REMEANEL LT, O 4 HEOMES AN FENOIHA SN ZNE &I
WL, HEGERG R A RN L7z,

FEAMG 7 ik, K(3-8), RGB-HITRT L H T, WHEEOEZESA AT THE~ I
AR SN R O LR A E, FHE S EEREOBRMTENATN

BrLC, PHMHEOHERHE J, IHEREOHETERE K, & L.
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Ji = Ave; | HAve; (3-8)

K;= SD;/ HSD; (3-9)

Ave; IZHIEK 7 DOFMER @ 1% L CRHE SN2 R MHE O L 4E,
HE I

Z T,
HAve; I3 Z NWDEMETH Y, SDITHIERK 1 DOMEE i 1T LT
OIS, HSD X T OBEEThH 5. WA T THAEEE 2R LTEY,

IEAREKEZFHLTWALED, 22 TIE 81 BV OLHATIZOWTEHET .

IO J E K, 1 IZEWEEERNERRBENENW 2R LTINS, K(3-8)

BLOKG-9ZHWTARBEORESM AN TIEZO W TERENF R 2TV,

A TOHEHNAN T DOKEREEICHONWTEORE LR L. £ ORI 2

WZRL, ZTZTCEHERNRBELZRTHZDIIZ, 81 B oEHEED J

K: D Jove , Kave & & o TREH L 72

3-3-2 KL RATFTLOFEH

34 I EREMNL R AEE TS L (KGB-6) ZHWELEEZD Jue ,

Kave %, 35k G T TV ((EB-T7) EHWEEED T,

Kpe T ZTNUZEN Y. KPS, 81@Y ORMEEOH T, HENLDLDOEN

BAR, HNERDEE = FNTRL, Hx OREZHERLIZ.

3-4 B LUK 3-5 06, il HFET L (N (3-6), BMELEFET v

(R3B-7) WTNOEATYH, FHMHE L EERAE S b ICHEERER M L Twn

D2 LR TE D, £z, 3, 5, 7 %H5LRERTOFESEEDPE A DU

WHERERFE S M B L, 7 F T IFEMEIC DV EmHEREEHETE 2 2 LN

MR TSI, ZOXHIC, FHELEERENGHKEICHEETE I EMD,
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EORHE S D BansR, ApERRE, AE=a 2 MEFEOEERRT LD
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o

THEBEICHET DI EDRREERD.

Difference between the true value
Max(%), Min(%)

o 1.25
\% +1.3% +1.3% +1.3%
100 | -13.5% -0.7% -0.7% -0.7%
Sy -15.1%
8
G
S
S 050 |
3)
2
0.25 Max 3 5 7
& —
Min Dividing equally
(a) Ratio of average J,ve
Difference between the true value
Max(%), Min(%)
.40
S +255.8%
~ +248.8%
_30 |
s
)
<20
v +16-2z/0 +4.5%  +0.3%
L.S +13.9% _27.757% -1.6%
g 1.0 |
<
5
2
0.0 Max 3 5 7
& —
Min Dividing equally

(b) Ratio of standard deviation K.

Fig.3-4 Result of the J,,. and K,,. using the eq.(3-5)
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(R THWMN R D IER M D56 1%

AR 72 D I3 AT AR 2N IE ML o3 AT 0 5

FEMER L OMRERE RIS EICHEETE 5.

JHVE

Average of J | toJg;

Difference between the true value

Max(%), Min(%)

1.25

1.00

0.75

0.50

0.25

= g @ >
o o o o

Average of Kto Kg; K,

o
o

Fig.3-5 Result of the J,,. and K,,. using the eq.(3-6)

+3.4%  +1.4% +1.4% +1.4%
6.0%  -1.3%  -13%  -1.3%
3 5 7

Dividing equally

(a) Ratio of average J,.

Difference between the true value

Max(%), Min(%)

+284.8%

+266.0%

“7-5:/0 +3.9%  -0.7%

+15-9A) +2.8% -1.6%
M8?X 3 5 7
Min Dividing equally

(b) Ratio of standard deviation K.
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BILOBRERTOH{KEDTLHSETEEZREL T, RERNTOLHME VAT LA
WV IAT, VAT LAOEREAEIToTe. 612, ZOoEBELTE AT
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3-1) ERFMELVACAEYATAZHREL, HFEET V&2 HWTRHE L 7.

(3-2) KV AT AL, BRERTODBEZET D2 LT, iHRET 2 FHEEE
Wl 7= DHEERG 3 m B LTz,

(3-3) AVAT AL, EREICEERLELEHELZHETCEDIZ LG, &
LOMEMMPLEHEINDREME, EEa XN, AERFMEOLEEERTH
MERSHET 22N TE, AR CHEBERERERIOLDOY —

i oT.
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4-2 BGFERILICEESFBENTA—SFBSEICHT IRREHFE

R IR RS A 2 Bk L L TR O ERb 21TV, FERib I i b O ORI
FHEMET L FEEERL, TOERGHMEREELZ Y 7 b U = 7 ICHBETS.

SERCAICIE, ZERMEETIZL TN TS, ZOHMEORE)N D Bk, Ik
BB SNDZENELSHD. EEITITZEFEFHEEZMmMIZ S < THERSN M
ELTRESN, ZHEFFBICERT S22 bbb D, —J7, R AT A [Part
I : AEPEME~ X — T A MES ) OBRPBET, HIHKFORKEMREGEICIKT D
KO EH DA EZEEL TS, —flIEK 4113 T B0 THD.

ZZT, Hikib (Afk, Bk, C#k, FfkIN) Oz DEHISM L £ DOFR LallF
T DR GEAMES) My 2SR EUE,  Z OHIEIRFOMEEICH > TRIEL 284

DEFFAH E 5354-1)0 REAABIE O bR TE 5.

E = h(Lg,Mg.u, o, N ) (4-1)

Tolerance

Frequency

\ 1: Avarage Desired propety

Fig. 4-1 Classification of a product with a normal division
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51T, ZORBEERFOMEEICHE> TEIELZHE OFIZ Bg 13X4-2)7T

AETES.
B =E—Can (4-2)

ZDXINIKRY AT LTI, HIEHK T ORKAERE KT 2 FERA bR 2 57 T
5.
4-3 WImBEIZE LTS ERE MR
56 AL o D R TR R AR A A 4T O 7o 01T, LS OSBRI &b 2 D AT
BAIERE S Y 7 Py = T ICHEET D K 421KV AT A B LTI
PRREZ 9. AHEhIR R, MEmNIIER BN TH D, K AT LA TIHIER &0 —
7 (P OEMEE) (T2 ERT DO KEGMEAN T 24T 5. ZERET O
N Tim & U, REOMNARKZ Tea &35 . KUSITHBEY 22 SE T 3 7 — 7

PR ST D B O REBES N AL I 4 DA ER B 1272 0, SN(@4-3) THEATE 5.

B ZIO P e e (T dT (4-3)
Time T
N d |
Tiim: Delivery time on the : Tena: Limit of
9 ordering condition | delivery time
= I
= N N
=
(0]
T
R=!
©
= ¢(T)
Bia: Total penalty for later
v

Fig. 4-2 Penalty for later of delivery time
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5. ki, B¥e (T) #EICLT, BHMAICE2R—F 22 ANTHIL b
TE5.

-4 BGEOELD2EEEBERBLEHF LV EREROESR

SER LG OB e ISR 24T 9 729z, 3 DB E L THEBOIEL2Z DO
BICKIT D HEABEEEEL BT D.

M 53l nT LoD, ZT7FAY y RTEHERMORMEN HIENSIES
S Z LIk T, BEBEEKSIL LTZEORED 2 F (kD) OHEENR
AT HZERHLNIZENTVD (K(4-4). KT AT ATH Z OHEKBEHHE
BRI AN, 2612, FRAMLZIRT 572D, (IR T L9 IZekE Liid
LOXOHFAE (£r) ATITHEEABEZZE L2V REEKZ R T 556 [(a)
DEEBEHEEZ FHIcYy 7 b7 (N4-5) 1, £72, R T LI
RELTEEODETOHAFEZEATZEETHO THABEZKESELILA
[} 5-3()DEEME yx)ZELAICY 7 FEEDET L (K4-6) 12 ER L.

IITa, bEEM, rEEROBERETHS.

y = ax (4-4)
y = ax*—b (a r=|x]) (4-5)
y=a (x| —r)? (@ r<l|xl) (4-6)
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Desired property
(a) Normal loss function
)
y = ax*-b
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o
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o
&
S~ '><Target
= X
Desired property
(b) Loss function arranged I
wn
wn
o
—
X

(c) Loss function arranged 1I

Fig. 4-3

Desired property

Schematic view of the loss function
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K AT LD [Partlll : AEpEVE~ 3 — A 2 M4y CTHEHE L T AR+ 04
KR ATk DB O R & BRBEE y(x)0 D, Z OFIEIK -7 O A ITHE

STHUWELEZGAEDOHEKBHIIG = f(No, 4, 0)ER@-TEEINS.
By = j(G,y(x) (4-7)

iz, KA T LTI, HlRFOLKERESEIKT 58K B Z5HH T2 8

MTED., BRITBEFAETH D, mEZRBFILE Bow 1E(4-8) THE I D.
Btotal = Bcl + Bla + Blf (4'8)

I TIE, EFAbIZ X DR, A ORGE, BEEIZO XTIk bELXE S
T, bLLKITEHPIICEE LT, XEMIEZ2H T 272D 0OHEIKE T O KUEMRE

HERETES.

4-5 #{KaTH—FRA=EE
4-5-1 HIEHEAF - REAF - EESH
KU AT HTHFE LICAIERME IS LT, a7 ¥ — D3R 217> TK
VAT LAOREFM AT o, Ma X — TRl AT O Bl & LTk, HER
HARTFEZRGITRETE, POEa X N TRIHETE H7OMEAAR
HEBREBLLT VWD THD.
X 4-4 [T 7 Z — DO, K 4-1ICHIER S ERERFZ 2R T.

ZZTIE, LISRERXREXAFHEHT 5.
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F7o, BA2IAFEME~ R =V A AT 2O ZEFESMEa R b Tr—T 0, &
4-3 |ZEERRAY, RS, BRI OSEEO MR Y. RS aR T —T L
TR D BALSCHEED &, Ffkfl, T4, RABEEIZ O W TS, EBRICAE LTS

BOXRMZ, EEORBNOHER LER L
B: Width of wing
_ v
J— D: Weight

Fig. 4-4 Schematic view of the paper craft (Kami-copter)

A: Length of wing

C: Length of trunk

Table 4-1 Control factor and noise factor for Kami-copter

Control factors
Name Paper A B C D Maker
Paperl Clip:1 Beginner
(64g/m?) 40 20 60 (0.4g) part-timer
Paper2 Clip:2 Standard
Levels (128g/m?) >0 30 80 (0.8g) part-timer
Paper3 Clip:3
(157g/m?) 60 40 100 (1.29) Expert
Noise factors
Name Trial number
1
Levels 2
3
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Table 4-2 Cost table and experimental condition

Cost table regarding materials and tools
Pri . Abandonment cost Cost of
Name rice of mqterlal of defective item depreciation
(yen/unit) (yen/unit) (yen)
Paperl 0.18 Paper 0.13 Scissors | 0.01
Paper2 1.26 Clip 0.05
Levels Paper3 1.42
Clip 0.40
Cost table regarding worker
Name Labor cost Working ‘Fime
(yen/hour) (sec/unit)
Beginner part-timer 700 120
Standard part-timer 850 80
Expert 1000 70
Condition of experiment
Height of start for flying 2.4 (m)

Table 4-3 Order Condition (classification, penalty and loss function ) for Kami-copter

Order condition
Production number ‘ 100
Classification
Class Range of Characteristic value (sec) Prlce.
(yen/unit)
Class A 1.7~2.0 100
Class B 1.4~1.7,/2.0~2.2 50
Penalty
Beginning date 2009/01/01
First day penalty occurs 2009/01/02
(Delivery time) (2009/01/01)
Input of penalty function _50
(yen/day)
Limit value of penalty (yen) -500 (From 2009/1/11)
(Limit of delivery time) (2009/1/20)
Loss function
Range of allowance 1.7~2.0 (sec)
. =a ([x][ —r) "~
Function type (J;t r< | x|) eq.(4-6)
Target value 1.85
Limit of allowance 0.20
Maximum loss (yen/unit) 15
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4-5-2 AR TFTLOEEH
KRy AT DAl L CElil, s, HARBEEE ZN M T 5

pa L, AR 3HEHB ZREAMT 52560 4HAICEAL T, FENIRKR, &K

7 D HEE T OKMERAEZEE LI, ZOMAE CHRERETL,

¥, KX 4-6

7 4-4

Z— 7z WE, F2ER, FIZREHR

K AT ADOWRETAZ L7T-.

(2 Z VR O A AT iE E

BR CXDBEMMB R holoil=®, FOES

=2 L, AREkidEK, &

AEEHAETDHEXYE, O NTATIVIEL CAE TITW=ho 7208,

THERIZTITH .

A FOKEHREEZZNENRT. £z,

R RIZBNT, FaEP&KR, &b

V2 75 2 AR - 0

BHITHE

X 4-5 (2 Fc KAE & 72 B K HERL A&
WD REE L e A KERETICONWT, TR 100 HT >k~

ATV, KU AT LADOFE LB L-FERE2RT.

Table 4-4 Combination of the control factors for best and worst profits

Condition the maximum profit produces (Best)

Condition Paper A | B C D Worker
. . Paperl Clip:1 Standard
Classification (64g/m’) 60 | 40 | 60 (0.49) part-timer
Paperl Clip:2 Standard
Penalty (64gm?) | 00 | 20| 80 (0.89) part-timer
. Paperl Clip:1
Loss function (64g/m?) 50 | 40 | 100 (0.42) Expert
Paperl Clip:1
Total (64g/m’) 40 | 20 | 100 (0.49) Expert
Condition the minimum profit produces (Worst)
Condition Paper A | B C D Worker
. . Paper3 Clip:2 Beginner
Classification (157g/m?) 60 | 40 | 60 (0.89) part-timer
Paper3 Clip:2 Beginner
Penalty (157g/m?) 60 | 40 | 60 (0.82) part-timer
. Paper2 Clip:2
Loss function (128¢/m?) 50 | 20 | 80 (0.82) Expert
Paper2 Clip:2
Total (128¢/m?) 50 | 20 | 80 (0.82) Expert
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16,000
OSimulation
OExperiment
12,000
8,000
Best profit
4,000
0 . _.
Classification Penalty Loss Total
function
Fig.4-5 Evaluation of the best profit of classification,
penalty, loss function and its total in this system
Loss
Classification Penalty function Total
0
-1,000,000
2,000,000
. OSimulation
WO rSt p rOflt DExperiment
-3,000,000

Fig.4-6 Evaluation of the worst profit of classification,
penalty, loss function and its total in this system
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BIEEEE” 2y L, TOEBAOFMORE 2 H T

5-2 HIHAFORERAFEET CORUE~DEEEKTEE
5-2-1 FEREED A

X 5-2 I2RT X HTF A Y v ROWFEETIE, 3,8 2 2D (Q2-1)~(2-4)
Z W THGIERE 70O TOKEMRAE DT T HHEE (FrtEE) o5 E
ERAZFET L. O, RELHM LW 1 SDOHIEK T X &2l o
HAEA 7 YIZK A L, SR Y OFKE Y, ZEE Lok, 2820 h L7z
K 7 X O TOKEEZ LB S TGE OKE (FEE) O FXE, KUERF
72, FEa AL, RMRQREOZB 25 HlE L LT, HIHREF X 0% 4 5

THLDOTH D.

After calculation of Taguchi methods

|

Control factor for evaluation of the effect and other control
factors is separated.

A 4
Each level of only control factor for evaluation are
compared.

Several noise factors are restricted, the control factors
without the noise factors are evaluated.

A 4
Effects of control factors with and without the noise factors
are calculated.

Fig.5-2 Flow chart of the inverse analysis using Taguchi method
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THNICE T, HERERTF X O R T HRE (FrMEME), AEpE= R |,
BiERE~OYWHERNBZEEOREILEZORLOXIZZWVWT 2RV TE,
b ZNOOPICITRBRERFOREENPGTENTVDZ LR EDO TRER
e en. 612, FHIOMLEDRWIRERF N 27 7 A4 b Ok %

ElCd 5. ZOMEZERL T, ELORI#EK- X ORELZ ML, &
ZNF NP0 EED X ODRFORENFIAITE 5. ZHIERRENF N B A
LRVEIICEEAEET L, EOL B WHIERE T X D& KEDEET) BRE
bt 2nafFMicE 5.

5-2-2 FEEDTOT S LDOEAHE

RKS-1VICART IO, IR E L THEAREAREZOND. TYVXLT
— X TRBLTE HHEE 71X, = ORRBERZER T O8O E MR 72 T 7
TR ES THY, TOEEMHEED CAE =2 b —3a VR ETHREE

HOGENDD.

Table 5-1 Several examples of the control factors

Item of the control factor Its properties

Design parameters

Size, Weight, Material and so on o
(Digital data)

Manufacturing condition, Measuring Action condition
condition, Experimental condition (Digital data)
Temperature, Humidity, Air pressure, Environment condition
Weather, Season and so on (Digital data)

Product, Company, Country Individual data(Complex)

Worker, Human, Animal, Organic
Personal data(Ultra complex)

matter and so on
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b)Control panel for the control factor (c)Control panel for the noise factors

.‘1.!

(a) Display of software
regarding final results

(ci) Influences of the control factor with or without the several noise factors are evaluated

Object property is selected from the averages and
[T i —— the standard deviations regarding the desired
| A ‘% property, the non-defective unit rate, number of
i MEE(E ¢ Eame o £ product, all time for manufacturing of the product
| REZEER0  #mmmeanLTamngs Control factor X for evaluation of the effect
| ' e and other control factors is selected
. [#EEY  |Worker |Papwnm/my I|Dumm3‘r Zlgiﬁﬁﬁﬁﬁﬁ-ﬁ |EE§H#FB Ak |E_|:|E|l:|$
i 60 Part=tif§Paper 1 Dummy2-Dummy3-02143  2372575100050545217 42384054956

<]

2 i(b)Control panel for
the control factor

[Gaps T T T . |
N |Producticu.,U j |Storage |:|/-\U :J fExperime |)\'*J j !Experime ’_;kLJ v Used noise factors
] | | | i B E El i ) Nk. antSi useless
. noise factors are
- |8 ZBF|Produc{StoragelExperim|Experin] - . selected
I 7k MNormal ExperimWithout First tin Selected items for noise ’
. [K#  |Herd  Bsth ReWith farSecond = | fActors |
I = 0

o R T T (c)Control panel for the noise

ERUEFOHE
T W] - ‘} =g§;;22 "Shalled Worker" ) =

Shalled Worker

L : Graph regarding influences of the control factor with
i 5 o aseveral noise factors. Control factor is each worker for
Y w0 making “Kamicoputer”
30

Fixed control factors Y;

0 -
“Shalled Worker”
411 ke e

Values of other properties at the
combination of the control factors

HBEDY  |Worker A»th{er IDUMMH IDummy? Iﬁ‘mﬁ BERE ‘_"EE: .
N PSR Wor Paper 1 Dummy2-1 Dummyd-2 2301283 07208 al (d) Influences of the control factor with
| = Becimer  Paper 1 Dummy2-1 DummyG-2 23161952 02623 000 | or without the several noise factors
e — 2. are evaluated using the digital data by
the graph.

Fig.5-3 Example of the results of inverse analysis using Taguchi methods
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5-3 HIHEFLNERM THLIMI T2 —TOEZEEDFE

5-3-1 FHli5E

5-2 B CRAR LI WES Y ICBELT, a7 Y —DEREZIT> TAY AT
ADOREFTMEITo 72, K54 ICEBRICHER LK 7% -0k s Rd. =
CTCIEHIERE LT, LAY CThOIMEMa 7 ¥ — 2 BET HEESE
ERHBELTVWS D, HlEERFoOFOPOES A (40,50,60 mm), P O hE
B(20,30,40 mm) /i ® £ & C(60,80,100 mm),$E D & < D(0.4,0.8,1.2 g)IZ B8 L T,
T DEBRCIOB R EDOW R ZFOR 5-2 OO a7 ¥ — %A

HZ L.

B: Width of wing

prd

A: Length of wing

C: Length of trunk

v
| ; D: Weight

Fig. 5-4 Schematic view of the paper craft (Kami-copter)

Table5-2 Best parameter of kami-copter from previous researcher

. Sensitivity

Value SN ratio (db)
(db)
A. Length of wing 60 mm
B. Width of wing 40 mm
32.087 7.1632
C. Length of trunk | 60 mm
D. Clip 04¢g
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AETHERT 2T 26NN T LRER 2R S3 TERERRTT D, HilH
KT DA OERE LRI L. EEHEIMEREOFLENS FRERIZE -
TER L. BERFIUTOR=a 72 —o0®E, RE, EBRGTICET %%
HFThsn. OFEESMN, OIS Nlka 72 —ORE KM, @ FEEREF O FEER
St D&M, @I BRBEIEE L.

7272 L, Skilled worker 1T & < Bl#L, HWEEF O L d I, Part-timer (3]
MRS 2 ME WIS F O < 7o v X Beginner ITIXE O THEWNDH VR E
DN IZzENERER L. HEAKICEL TE, Hilko A4 14 X0 HK%E
HHL, MOBEIZZFNZN 64g/m*(#WE 1), 128g/m*(#k 2), 156g/m* (f£ 3) T

5.

Table 5-3 Control factors and noise factors for Kami-copter

Control factors

Name Paper Maker
Paperl (64g/m?) Skilled worker
Levels Paper2 (128g/m?) Part-timer
Paper3 (157g/m?) Beginner

Noise factors

Name Levels
(D Working condition Normal Hard
, Room with 20°C &
(2 Storage location Bath room

50% humidity

(®Experiment location Without fan With fan

(@ Experiment o :
First time Second time

number
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MERTFIIUTICRTHa 72 —o8HE, /RE, EBRGITICE T8RS,
O FEESFHFICEL T, BEORWRETHK 2 ¥ — 42 0ET 5 LKl
2kg DEEZFEIZOT NN LM T X —28/IET L2 00 F—2 T

H 5.
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DNNRAJ—ILD 2O —2ThhH.

@ EBREFOEBRGITO LI LT, FEBRIFOKR) 5 KA ) TR
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Table 5-4 Comparison results between prediction and experiment

Estimation Best Worst
Flying time(s) 2.372 1.704
Predicted Standard deviation 0.214 0.156
results SN ratio (db) 20.884 20.7559
Sensitivity (db) 7.504 4.630
Condition A. Worker Part-timer Beginner
B. Paper Paper 1 Paper 3
Comparison results Best Worst Gain
. Prediction 20.884 20.755 0.129
SN ratio (db) Experiment 19.662 18.868 0.794
Sensitivity (db) Predi'ction 7.504 4.631 2.873
Experiment 7.682 4.703 2.979
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Fig.5-5 Evaluation of influence regarding the weight of materials to
flying time(Influence percentage 100% is 2.4 s. Influence
percentages in “Experimental results” were also used this
value)
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B Calculated results
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Fig.5-6 Evaluation of influence regarding the level of the workers to flying
time(Influence percentage 100% is 2.4 s. Influence percentages in
“Experimental results” were also used this value)
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KV 7 b= TIRREH B (R OB E & MR 227200 Tz <,
BELEE, LR, A6 = 2 Mok U CAHIEIR 7O & KER ED XS g
NeEF>TVEINHFMETCE 5. 22T, 2 XA b~ORET O Z1T - 7-.
FS5S5 T Z— 2 WET L2003 R NTF—T N LT REEERT. R
fli = A k25 b ZAMIC 72 D fe Al &8 (TE2E# : Part-timer, #% : Paperl(64g/m®))
X LT, EOBERFT~T (O, @, @, @) BEELTHDHIREIZLE.
MEREBRO T OICFMTEEOR = 74 —% 10 #HFORMEL, ERERITIZO
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Table 5-5 Cost table and experimental condition

Cost table regarding materials and tools

) . . |Abandonment cost o
Price of material o Cost of depreciation
Name ] of defective item
(yen/unit) . (yen)
(yen/unit)

Paperl | 0.18 Paper 0.13 |Scissors 0.01
Paper2 1.26 Clip 0.05
Levels| Paper3 1.42

Clip 0.40
Cost table regarding worker
Name Labor cost (yen/hour)
Beginner 700
Standard part-timer 850
Expert 1000

Condition of un-defective item

Range of allowance From 1.4 s to2.4 s
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B Calculated results
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100 100.7
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o0
(e

Paper 1 Paper 2 Paper 3

Fig.5-7 Effect of each paper to product’s cost(Influence percentage 100% is
217 yen Influence percentages in “Experimental results” were also
used this value)

X

% w0l 1332 136.5 B Calculated results
g [] Experimental results
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RS Skilled worker Part-timer Beginner

Fig.5-8 Effect of each worker for product’s cost (Influence percentage 100% is
217 yen Influence percentages in “Experimental results” were also used
this value)
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(Condition 2:/ilZ 2kg D #E % 4 (7 TI2/FZE, Condition 3 : #& = 7 % — (R E 5 Pr
ZIEL = D F,  Condition 4 : K7 & KHIZ A1) TJEGE 20 m/s D % JEl, Condition
5: Condition 2 7> & Condition 4 % [F]RFIZ1T 9, Condition 6 : Condition 5 TR 2>
O RIFIZmT TEE 20 m/s DEEZITHOR.) Zo-d . BiHE O 22 RFH 25—
FEWEA (FE¥%% : Part-timer, % : Paperl(64g/m?)) & H LI1T LT, #£ikE
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TR,

Table 5-6 Improvement of environment for reducing noise factors

) 1. Working 2. Storage 3. Experimental | 4. Experimental
Noise factors .. ) .
condition location location number
Condition 1 Used Used Used Used
eNormal
Condition 2 (Without Used Used Used
weight)
e Room with
Condition 3 Used 20°C&50% Used Used
humidity
Condition 4 Used Used o With fan only Used
eNormal e Room with
Condition 5 (Without 20°C&50% e With fan only Used
weight) humidity
eNormal e Room with )
Condition6 | (Without | 20°C&s0% | ° vithoutfan Used
. 1 only
weight) humidity
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Fig. 5-9 Trial and consideration using this software regarding influence for flying
time at changing other noise factors( Influence percentage 100% is 2.4 s.
Influence percentages in “Experimental results” were also used this

value.)
g 140
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Fig. 5-10 Trial and consideration using this software regarding influence for
standard deviation at changing other noise factors (Influence
percentage 100% is 0.214. Influence percentages in “Experimental
results” were also used this value.)
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AL T 6-1 aFEZNRD L, 6-3 DX HITEKBTE D (HEHh TR PEMH
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Table 6-1 Several examples for the control factors

Digital data Non-digital data
Item of the control factor | Its properties | Item of the control factor | Its properties
Size, Weight, Design Product, Company, Individual
Material and so on parameters Country, data
National character,

Manufacturing condition,
Measuring condition,
Experimental condition

Action Worker, Human nature,
condition Animal,
Organic matter and so on

Personal data

Temperature, Humidity, | Environment
Air pressure, Weather, condition
Season and so on

\ | | | oy i i i i
o | | | | = | | | |
=~ 1 1 1 1 =~ 1 1 1
"5 o7\ \ 35 e | Lo
5| 1 A4 & o o
Levels 1 ' 2 '3 1 12 1 3 Levels 12 ' 3 1 12 3
Control factors Digital data |Non-digital data | |Control factors Digital data |Non-digital data
(a) SN ratio ( =10log(u’/c”) ) (b) Sensitivity (=10 logu®)
Fig. 6-1 Effective figures of SN ratio and Sensitivity
o090
or etc
Flat Pickingup  [Picking down [ Mountain Valley Combinations

Fig. 6-2 Types of curve in effective figures of SN ratio and Sensitivity

X 6-3(a)D X D IZHIER N T VX NVT — X DOGEF NIRRT 7 7T, £z,
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6-3(b)D X D IZHIEK T-NIET VX NVT —XOGFEDE IR T 7 TER
EFNRITED., ZHOD 7T 7%, HEEAFEE O B E TIX R <, FrifE
DIEEFETHLRRTDHIENTED., ANMOKHIBEREFBNT X NVT —F DY
B, HKEPNFESMOME LIRS VDT, 6-3()IZ R T K D ITHIKAED H]

RN ESAGI I DR N EN— R TH 5.

SN ratio
(db)

Average of function (Desired property)

Levels 1 v+ 2 3

Control factors Digital data

Sensitivity
(db)

Levels 1 v 2

1 1 3
Control factors Digital data

7 7 7
Level 1 Level 2 Level 3
Value of control factor

(a) In the case of digital data for the control factor

SN ratio
(db)

2 3
Control factors| Non-digital data

Levels I

Sensitivity
(db)

Levels 1 2 3

Level 1 Level 2 Level 3

Average of function (Desired property)

Control factors| Non-digital data

Non-digital data

(b) In the case of non-digital data for the control factor

Fig. 6-3 Effective figures of SN ratio and Sensitivity
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4 6-1 BRI RKENK 6-3 IZEBEIND Z &I2X-T, HHKF I &I K
WDBENZWIHIIA A=V LT R, KKMEDK/NBIMR & HiE g o B
REMMERYEEL L CTINET DI ENTE D,

oI, M6-3DEICANTNT VENT —ZDGEOHNHET T 7%, 1
FEIHD NTATNANDT —F %, £ 6-2 12T £ O ITHEEIC L, ST EL, xt4k 5T
B, ZEAEE, REEL O SHEBEOEPITIETHEY T a2 ik
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Table 6-2 Kinds of approximate curves regarding curve fit for first data in
the software

(1) Exponential approximation (4) Polynomial approximation

(2) Linear approximation (5) Radical approximation

(3) Logarithmic approximation (with degree)

= Result of 1%trial m— Result of 1%trial
@ Recommended levels for 2™ trial @ Recommended levels for 2™ trial

Changeable and maximum —7

Average _maxim
value of the level in 2™ trial

Average Level 3’

Level 2°

Average of function (Desired property)

1 | Level I
v L

Average of function (Desired property)

T T
Level 1 Level 2 Level 3 Level 1 Levgl 2  LevelB

Value of control factor

(a) Inside estimation (b) Outside estimation

Fig. 6-4 Recommendation of the levels for 2nd trial using the results
of the Ist trial
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6-3 V7T kT DS

6-SICABETHELEZY 7 bz T O 70—F ¥ — bERT. BI¥EDE,
ST F Ay FTSNHEEEDERMEK Z KD HE5y (Part]) THY, F
HONEDOETRIELZRIEL X CAE v AT LOEDNEDEILHmH LT 5.

Start . .
Part I: Conventional Taguchi methods

[
‘ * Input: Control factors and these levels & Noise factors and these levels ‘

* Control factors were arranged in an orthogonal array.

* This is compression of trial number. Trial
[ .
= SN ratios and sensitivity of the desired property ( function) were . Tr};e Sesufv(;s
calculated for the all combinations using the each level of the each | ] Ie)x Iérirrtr{ent or
control factor. b P
| calculate(_i by
* Effective figures of SN ratio and Sensitivity were calculated and %(Zrllgmermal
displayed

simulation with
the orthogonal
array, then

End back to the Part
I.

2™ trial

Which is this1™ trial or 2™ trial?

1% trial

» Averages and standard deviations for all combinations using the each
level of the each control factor were calculated.
\
* Graphs of relationship between the levels and the averages the desired
property ( function)were calculated and displayed. Standard deviations
are also displayed.

SKIf the levels are digital data, the graph becomes a line graph. =¥ See Fig. 6-3(a)
If the level are no-digital data, the graph becomes a bar graph. =» See Fig. 6-3(b)
\
* In case of the line graph, curve fit using several approximate curves was
performed, then smooth curve for the line graph was calculated. =»See Table 6-2
» Then the new level 1°, level 2’and level 3’for 2™ trial were calculated by inside
and outside estimations using the smooth curve of the 1% trial. = See Fig. 6-4
» The new level 17, level 2’and level 3 for 2™ trial were recommended to a operator.
\
» In case of the bar graph, the only comments for 2™ trial were recommended to an
operator.
\

 Control factors and these levels for 2 trial were decided using the line

and the bar graphs with comments by a operator.

Fig. 6-5 Flow chart of the program for innovation tool. Particularly “Part II:
Innovation tool part” is the original parts in this paper.
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ZD%, NTATNAEEEZHELT, 1BIEO N AT LD EXTETFA X
— g Y — L (Part 1) IZ#Ede. oA 2 X—3 3 Y — LTI, A HIENE
FTORETOKREOHMETITONT, FrMEMEOEHHE L IEEREOMEZFREL,
FHIRN N T PHZ LT =2 DL EEIH 6-3()D X ) Rthik s 7 7, HI#EIK 1
MIETVHENT —HDEXIEIN 6-3b)DL IR T 72T NTNEKRTDH.
SO 7 71T L T, RACRTELEIRIC Z - THHEY I %
TV, THEEHDO NI ATIVDORERDOFTNMT T T DAL= THITH. TD
AL—=2 7 Ll 2 LT, 2 BmBE O N A7 L& K+ D%
KWEERET D, Z0eEx, K642 7T XoIZ, RO EIZHEDE T
1EIHD N AT LOKYE Level 1 705 Level 3 O S L < I34MFIZ L - T, 2
B H O T A7 LOE K7 DK Level 17, Level 2°, Level 3" HEE S 1,
MR sns., £/, BZ7 7 7ICBE LT, 2BEDO NI A4 T NMICEIT 5K KU
OEAMEICH T 2ERERT. 70/ 7 0B EHIZINLOFEHRE S &1
2EBD R AT IO OOHIEK S OREERR & DOKEDREZITV,
Part [ IC7 — KRy 7 LT 2EBDNIAT NV ERETDS. ZOXIICTLT,

FRAED PR STV D RMEEO MR R BLRIIx LT, BIEH OEKL
oL & T, FEITEERSN - EMEELIT) ZLEARICT DY T
FYZT THD.

B, MELEY 72T T4 "= a Y — VEEE | TS IC TR

MZDHL W5,

-93_



)\{\ Nagaoka University of Technology

6-4 A4/ R—=2 3 Y= )LzRAVE-ERYTME (BRiEEEOF1—=

>9)

6-4-1 EBREBHOEEEDERFE

FREROASDEIRAALIC OV TERBERELZER L TELEIALEITH
EN—TH D, Flx i, EEFEKICENTIE, BOWEL T 2O ILEK
BURE M R> S/N Lk (Signal — Noise Ratio) , [X] 6-6 (27~ 3 THD+N 4§44 (Total Harmonic
Distortion + Noise) 72 E DR Z @D 5% 2179 .

L)L, TNHLORMIEE—EOHFRTOROBREFIZLL2HHEETH LD,
it L7 RERENTZEEOFEFRTIE, ThoDfEE ARAKLE L ED
BIZWEERRD D LHE DK E V. KR THD+N R iXofE B loxt L Co RS O
AR DR TH Y, i LEEENZE T 2 EF IOV TIE S O E K
BREEIORHE TOZ7a A =0 BRELRELOEREEATLER-T
W5, LL, T OFMEITEROLZEHCERDO LN L FELEIT D
ZEBRZMho TS, 2O, EEICHEBRZERT2HA5IC4AETCTLED
RE—UREEDA L E—F AL > Th, BILD Level X Grand Level D%
HAEERBIOLEEN AT L. 2O ORIBRITEMRER L R D720, @

WAL TWD, CAEZR 2B L CHLEmIUREHNIRNEER2ONEFTH 5.
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Amplitude

Signal

Harmlonics
f \

2nd  4th 6th
3rd 5th

7th

20kHz
Frequency

Fig .6-6 Explanations of THD+D

D), BEEOFEME (A4 A¥—) BREBEICEZR & 20 6B OER
rEbE Il L b 0, TOFETEMANORBEIZR>TEBY, £y
FEBRICERET HZ R L. RIFETIE, ZORZIETERVEIERAE A/
R—=2 a V=N TEDLEIALDNFILEITH)> L E2HHET D,

6-4-2 BHEDHMEHEERIFAVY FERVEBBELTED
B F&

AKEEZ AR THICHEZV AR EDOLIICHEFOR LEL 2533 2 H
ESRTLH. ANMPHEEE LT 2BV, BHERERL TSI TOEME
PBEZEOEIT m WuLDORT MLELLTHALONLTWVWDZERGN>TND
CO 2w, BHEOHNE x, LGOS E x, LT 5 EERIEN(G6-)D XD

W72 5. R(6-1)D LI D.

AR) =m™"? ( NZ" xi? + V2 xi ) (6-1)

-95_




}\(\ Nagaoka University of Technology

DEpzZ ik, AEIZHEDOZEEIT RMS (Root Mean Square) T x5 Z
EMMGTIND .
B, NEBNEZMT 5 FiEICIEHR 63 DX I RFENFET D O,

Table 6-3 Evaluation method of the sound quality

Method Features

1 | Pairwise comparison The method to tell contrasted sound to a subject and
make them judge a taste of sound. Preparative scale will

be having no losing tickets, big.

2 | Measure of multidimensional The method to tell the tone of the musical instrument
similar to a subject and make them judge the similar

degree.

3 | Semantic differential The method to catch the special quality scientifically

using the adjective linear measure.

I

SEIOSGETITER Lo FERAZSRICL, 2ORFRNRFETHMmEIT O
¥ Semantic differential method (SD #£) ZfEM LHIET 2 HIEZHMET S,
BEEOHMICHI > TEEE 2T 2EN L EL R D, T OHEEITEE
b2 ET o2t EIcRo TRy, 2ot A ) U F )T —LimoE
AV OR=ZZ72 5D TH Y BEFITHIMNIIHESRZWVWEETIE®H S, L,
AMETIEAAFTEBEETELEDOOALLOZEARC L LT, ZhICRED
PRI Z ML 21T o b0 &35, BEHZMET2ICHIe-> TIEL 3 EREME
EARIBMENTAEL, TALIT@E ChiEbNDs TEEl < HEE), 174X

B DNEITLNTEY, 64XV 6-TOLIIZHENAIETH D.

-96_



)\(\ Nagaoka University of Technology

Table 6-4 The 7 attributes which decide the sound quality

Scale factor Features
Main |1 | Power The level of the acoustic pressure
2 | Frequency The level in the frequency
3 | Confortable The shape of the frequency response
Sub |4 | Cooperativeness | The pattern of the frequency spectrum of sound
5 | Mellifluousness The pattern of the time axis of sound
6 | Contast The energy amount of the frequency band of voice
7 | Resonant The amount of the reverberation
High
?
Poor Pure
\ z7
\ . 4
Bright .
Rough = \\ rlg/ e
S \ 4 7’ ‘
\\\\~ \\ /////'/.10W
~ \ ’ s
Uncomfortabl @ / e Comfortable
/;/ Vs !
LOM ‘ /// \ AN
’ Vi \ Sa
4 / \ SNo
Il . > Soft
. dark Y
// \
Baryphonia Resonant
®
Bass

Fig. 6-7 Spatial representation of the sound quality

L2rL, EFIIFRERA]I (A rule of thumb) 7205 % 6-4 XX 6-11 O @ EIXFE

i fbESN D EZEZA TS, BT 6-7 DIES K TIIES ZHEDOE % 2

LTk, BHEMEITEERFLNAORZ L& - X7 LT ZRE> TE Y EH

RBHRICR O EZTBY, TORBERNERENRT > TWD [F 0%

ELTHEETDHIHLDEEZ TS, DD, BEOFa—=7L1%, =0

BRICEbERALbDEEZXD.
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SD L CHAT % FiElE, BHETOZ 5 A 1FC9%4T5 Lo 128

bATWH T2, SENXIRDIZEMEE TE 6-5 DX O 7 T AT 2TV, &

e ELIIAAHKMERoTEHAE T A A =2 LD E1T - 2.
Table 6-5 Classification by zing and point of various indices
Excellent Good Fair Minimum Failed
Passing
Point (x;) 5 4 3 2 1
D EFEFEOR THAM L2 RITK 6-6 DBV LD, BHEIZOWTIE

8IHH T L 7=.

BRI E ) A XL D A~F O &1k

ITAEFEDOKE FIH L 7

L7045 ENIHEEITTERVAE 6-4 ORIBMEODHBRBICHELZ LD 2 MM

LTW5S.

FELHLOTHY,

ASBEIOHFEDODBETH DT 2 —

AUBMED & TREl L 72 B T, FH T ERMEIC O W TITEARET

=7 ORMNBITIETE ENA

WEDHIBNZE ST TH S.
Table 6-6 Evaluation result by products
Judgment I\/II\?(()l.el Frequency| A B C D E F I:e(;ssz
1 3 3 3 3 2.9 3 3 3
2 2.9 3 3 3 3 3 2.9 3
3 2.85 295 | 2.95 3 2.85 | 295 | 2.95 3
4 3.2 3.1 3 3.1 3.1 3.2 3.1 3
5 2.3 2.5 2.3 2.4 2.3 2.5 2.4 2.5
6 2.5 2.7 2.7 2.7 2.5 3 2.7 2.8
7 2.7 2.8 2.8 2.8 2.7 2.8 2.8 2.8
8 2.2 2.4 2.4 2.4 2.2 2.2 2.6 2.8
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A, B U 72 B A A E ah 2N 81, AEREHIE S 93 D h— X L 174
O TVaeBG L. TNLDOT —F %% 7F AV v RTHANT 2 A
LT, B LEEZ EDO XS I T R EDOKRE & Eh L 7.

T, REHEM 3N OAEEICHKE M Lz 53 ik X OE#HE M 81
ECTRG6-6D8HHAEZMML, MTIEZMHEMA L~ 7 7 2D R (MD fi) %
R L., ZOHAORMZEMIT, RELLTOFEZHETLI~A A Z -4
D, ik AE R AT L, METHLARSICELULZLRTELOLITRD
72 2 HBLAMTIHE WA, Fe6-TICHWUTEREL 2D, HBRERLE LT
6-8 D U [T E A& E fh & B A& E &h T MD E O B 2R E WS 2R 2

Do 17,

MD Value
9.00 r
8007 OK = NGHIE

7.00

6.00 -

5.00

4.00

3.00

2.00

1.00

0.00

1 11 21 31 41 51 61 71 &1 91 101 111 121 131

Number

Fig. 6-8 The MD value of the measured result
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TR ELTE, BMEOEHOARE] £ T&BMEEBEOMSIME] NE 2L
N5, 2o, NEEGHEN 93 H & EHE M 81 18 DR H& A fiik o A D
JFEMEIXI RMSE TR Z 5 E BER LN AZEE 2, 8 HH O EE % K (6-2) TEl

B L7-f (Evaluation score) ZfEH LEAHE LI-HREEZK 6-912FK7.

Evaluation score = \/2:, xl-z n = The number of indices (6-2)

1

Evaluation score

12.00

10.00

8.00 v

6.00 MW\

4.00 Acceptable Level

2.00 ——Unacceptable Level

0.00 1 1 1 1 | 1 | 1 |
1 11 21 31 41 51 61 71 81 91

Number

Fig. 6-9 Result of the determination in the RMS value

THHORER I Y, RMS B Z 1 U 72 34 15 TR EISE K0 & AR a1
DHFIRE L 72D Z &Ny hro .

WD AT w7 L LT, Evaluation score & ZRIZT 57 DIZFIEORF 1T .
BTFAYy ROFEL LTI SNEEKWNKEL T TFa—= I RNEL
250, AEIAWS FETIEEMICEMA TS Z2W. BB E LT, HEEXIT

YA AL —DRBRAELZEOWINTHL. 1 BIZK 7T A Y v FOFFE &
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BAEZ R R TN, LTEERSDILVIBZTIFBERICHD. LL,
SBEE S EIZ A AL =L NI ARy UXIPRHEBILTEY, EOMEITEZE
ELTOEETHLIODTHIILOMEN DD Z LNRMBEL RSO RAES
ELTHHIRERSHSH. £, SD IETOBEE OHERE O YW & MBI O H
RENTWDD, TORRTHHEEMREIZ 098U LLES v A RAF—D L L
ThhiTEITEBHATELE X 5.

SRIKRDZ DT TEHHE) LT a—=r 72 LEBEOEEICEDLEDL LD
ThbV, 2V " R — VY RATAIHEZDBMELFELRY. HBAET DL EROZE
ERAELLTEZL2R0 b H 50, Btz 2 %56 I3 BUS 9 2 JE M E
ZRORLT KT HEITTHVRREL L TR,

SZTFAYy RTIESN T M A 2RE0) Lo M ichERED)
ERA LM TRINDGC. RFFROR—AL LT~ A AHX —DHEILHIC
ELWELTHXTWS2Y, SN b TFa—=v7%2LLH5LLTH Mz
CH BRI 13707 725720, SNHIFER KL 2> TLEWEZ 2.

ZTFAYy RTHE, SN BZRELSTDHLE0D 28T IRTHX % &/ME
THZL), REERELTD LV Z LT TAIEDE L OB E K/ D
Z L OIREOEAD Lo B L K TIE~ A A X — DY & DEREZR/NNCT D
Ex BMIZT D729, Evaluationscore & ¢ TIERL pLHrDI LD, 2D
O, REOHKIZLHEEILT, YA AZ—BFa—=T7 LEMRULOME%E

HEFH TR TE 202 MaEd 5.
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6-4-3 XTARVBEVATLOBSR

I LY 7 N =T 20T 4 AV HAEOEE R TE DD AR & AT
St ®6-10 IWEBRITHEM LT 4 A7 HAEL AT AOBEERT. K
AFAFHEETRBESED 2 ERTERNED, SARICEED Y fr—3F

ET T, AV =T & s Lal i 21T O .

Fig. 6-10 Optical Disc Drive System

KVATLDBEBEZRETDERE L TKRARERNDH L. 2070, AR
DEEND, BEEZZELIERGITEEZIT>TW5. LaL, il EEH 2K
DL TIERFINTT LEEB TEREREoOR L ZMEMN L EHE 2 RELT D Z
EMEZ . {HL, mELT DERBEICHWTIL, e LofKI bR KR Eo

e (EIZEPL, 207 E/PNEET L ELNTERVONREFTHD.
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BEHOWRETLEFZED 1 DL LT, EE A= DOA =& 2R K
DZDORBE~FNDEMICHEST L R —RBICHLALTND., AL, Th
DORFHEIFFH A RECRBORMEE LTS EESE OB TIEZEN
K< v, Him LTI, Zhb0oBRMIIEEICEELEX D205 > T
WL, RIS ERELZLENTLILICED, FHEE2UET L L
MARETH B .

SEIFERICHWZ AT A2E, B 6-11 R T RO ICHEEICEEL X
FER 4 HOOAMOEBIRIHIZ, a7 oV EWHNIHEIL RI~RY)VBELE TE 5
FOWMULEIEOA =X AZAETHIERAREE D, Z OERPUEE
LS, e T EOKEME R BMEOMAEDLEERDD. TDD
AETHBLEA /) RXR—varYy— i LT, SEEZMESEDLITEDDOSE
HERBRZATV, TOFIMM AT 2 LT 5.

72 ¥, Evaluation score ® H &%, K(6-2)THEH L7zimEo®5 o LYEE 8.49

FZDHZ LITES.

LD Laser
Drive | Diode | R4
Driver (.

Power Supply A
# COM d
Reference Voltage & R2 Giroun 8
Pick-u { - DSP S
P Power Supply B E
R3 =
Ground é Ground
Actuator
Drive -
Moor | g | £ L ()
Drive Driver | R1
Motor “MA-  :Bleeder Resistor (R1 to R4)

(. :Characteristic Impedance

Fig. 6-11 Optical Disc Drive Control Panel circuit diagram image
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6-4-4 1st FSAT7ILDEREETNEZRH W -2nd FSAT7ILD
HEEFEZTDKEDRE

THEERESEDITEODOFMIRBEOEBTCAY 7 b =T O

S 7.

ERE®

DIZHE LBtz 4K+ & LT, L4 3 KELRE L.

AL,

IO LE B 43 5 I

- Bz AR
AR %El

F6TIWZIHBD N IA TS DOHIENKF %2 R~7.

A A A 2 SRR & D AR TR L 72

D e a Rl Al 2 4T

- >
— —

I3 7l 1)

AHEZHA4A 0 E—HX Ry ba— LT BT

EAZAR %

Table 6-7 Control factors for 1°' trial regarding the Optical Disc Drive for sound
quality evaluation of the software

Control factors
Name of Bleeder Bleeder Bleeder Bleeder
factors Resistor Resistor Resistor Resistor
R1 [ohm] R2 [ohm] R3 [ohm] R4 [ohm]
Level 1 3.3k 3.3k 3.3k 3.3k
Level 2 10k 10k 10k 10k
Level 3 1M 1M 1M 1M
X 6-11 ICRT VAT AT, £ 6-7 [ THIEKAFZ2 L9 BEAAR CEAL -
FETOEDEREZITST-MEED SN HHOERGERIZXK 6-121C L)k 5.
S 182 o
2181 -
£ 170 [ \\\//’ p, of
2179 |
o
A 17.8 B o
17.7
Level [ 33k | 10k | 1M [ 33k | 10k | 1M [ 33k | 10k | 1M [ 33k | 10k [ 1M
Control Bleeder Resistor Bleeder Resistor Bleeder Resistor Bleeder Resistor
factors R1 [ohm] R2 [ohm] R3 [ohm] R4 [ohm]

Fig. 6-12 Response graph for Sensitibity diagram
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M Nagaoka University of Technology

4 -y e e
0 200,000 400,000 600,000 800,000 1,000,000
(a) Bleeder Resistor value of R1 [ohm]
8
6 —4&— Results of st trial

B New value for 2nd trial

4
2
0 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 200,000 400,000 600,000 800,000 1,000,000
(b) Bleeder Resistor value of R2 [ohm]
9

—&— Restilts of 1st trial

6 .
B New value for 2nd trial
5 1 1 1 1 | 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 200,000 400,000 600,000 800,000 1,000,000
(c) Bleeder Resistor value of R3 [ohm]
10
8 -

—&— Results of 1st trial
B New value for 2nd trial

[©) NN |

0 200,000 400,000 600,000 800,000 1,000,000
(d) Bleeder Resistor value of R4 [ohm]

Fig. 6-13 Recommendation of the level for 2nd trial using 1st trial results
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BTFAYy RTIZINDEEHERE L TELEGR LRI, KDY 7
FY =27 T, SHIZK6-10 DFEFRE S &I, il 2 OFIEKF 25 LT, Kk
EDFEME EAE R G L, X 6-11 1ZRT L 5 7245 KIS L 7= Jr vk
T ITNRRRIND.

X 6-13 D)1 H@)DT X TOMBIL, FEEN T 7T L0EESREL LTI
Ll ic 2 HAT P 2RI L, oA ER L TY 7 by 7 N TlxiEK %
EHELEERTHD.

2" R T AT ITIE, o PIHiBRO SN ratio M KIE & 72 D 4 D OHPLE
DA A ) Sound Quality @ Evaluation Score 23 g K & 72D L&z, FEE %
iTo7z.

6-4-5 2nd FSA T (T7A4FIL FSA4ATI) OFEROFEME

K 6-8IT,42fDOBZENOIRE LT, ERFEBROTZD DA G OEZRT.

Table 6-5 Results of the resistance value calculated

Resistor R1 [ohm] Resistor R2 [ohm] Resistor R3 [ohm] Resistor R4 [ohm]

470k 3.3k 470k 470k

F72X.6-14 12, KD~ A AX —H Try & Error Thifb L72#E R L 4O
FETRELLEERZRT. EROFELARAFETMHE b AELZERT D
ERTE . e, RO FIETITEEMR 265 150 MAT - 7205 L,
SEOFEZMND ZET2HOEEMBR CREOMICKELTE, 2=k 75
FTHY, BROEMIZT TERS TR FOREBICHE SN D T ENFEFETE

7=.
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Before Tuning Using Taguchi Try & Error method
Method

Fig. 6-14 Comparison of the results
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ERL OB EITHIIZODA ) RN— 3 Y — LA, Tl Lz, O R,
VLR o i % 45 72
(6-1) 1EIEDO N AT NLOFREZL EIC, KEMNHGFETEL2HEDO N7 A

TOOHIEREF & ZDORKEEZRETCEDLY 7 MU= T L.

(6-2) BAR LY Z huxT i, B « BEICKG L DL ks KEEICT
L7 OHINAEF O KEOMEE ZRRTE 2.

(6-3) KT A AV HBAEVAT LOBFEEOREMEARFIELZ MR Z MR L
A, v A AL =PRI T DD E RS LU 1/75 O[E 3K T il
fbc&, B X FORBIC RN D Z ENEETEL. £, HiE
REBITEF LRV ETE R0, RBREIEO YIRS A0 72 A HE 0K

BB IOmERLEICLFRET 5.
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T-1ICKETHE -FIMELZY 7 b =78, BB TEEEORE VD
D3 ZAT 9 To DI BER A Ry & BEA TR R A2 RT. kN bHH D
BTFA)y REXR—ZZLTWAHTE), FECHBLEY 7 b =T340
FAYy ROTRTORELZR> T\, 612, #7F XYV vy RIZiER0WE
BORELAELTEY, F2ENLEHE 6 ETITORIZHBHEICL > T, @F
B, mSE, @i, BEEEZREET A0S0 &, Hl, 2, &5
AT 20D PEERETH I ENTE, TENIEDOLOTHY TH - 1=,

Manufacturing with robustness

Taguchi methods

Basic technology Quick, easy, cheap and validity

§2 Productive management Originals, priority and enterprise

- : Investigation of productive management
§3 Improvement for high

accuracy

§4 Improvement for high accuracy

dignity & multifunction

§5 Check for contribution
of control and noise }
factors using inverse
analysis

dignity & multifunction

§6 Innovative tool for noise factors
excellent & quickly
development

Tool for achievement of innovation

Estimation of optimum condition with high

Estimation of optimum condition with high

Check for contribution of both control &
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