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Fig. 1.1 Concept of product architecture for product variety deployment and its extension for
enhancing its integrity.
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(a) Integral architecture (b) Modular architecture

Fig. 2.1 Types of product architecture.
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Fig. 2.2 Design structure matrix analysis methods.
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Fig. 2.3 Relationship among DSMs and a DMM which constitute a MDM.

DSMIZHEHER S AT L ORFHE T m V=7 MBI DR F A7 (e X7 —%7
7 Fx), MG KT —F7 27 F %) REDHNT - v 2T AL b AEHIBBIENY
REFH A7 R EF— LB OM AR 2 L7 DSM &2 V65 & 9127z - 7= A49-07),
R Ulrich and Eppingéf) <° Ulrich® (2 L v, 85,7 —% 5 7 F ¥ & it 0% 2 7 23R

BahoE, DSMIZRGT —F7 7 F v ORBRERD 2O DF R —n & LTEM
INDHEITRY, FAL L L TRGOMEREROERBER LML, ThbOMARM
AR L8 T —%7 7 F ¥ DSM OB HWHLND L Do Tz,

DSM Ol R BNIRN DI L3> T, Fiend KA A CREOMARGRSER SD X9

2720, BT —%7 7 FvDSMIE, BMARRRHEE T Y =7 MW T T —% 7
7 F % O DSM & BEAHF THWSRD L 91272 -7, Sosa et al*® W38l 7 —% 5
F X PMRET — 5T 7 FXICWBE 5252 L &2R% L, Browning?? <> Eppingef? &1
AT a7 MCBW TR T —%7 7 F v, M7 —x727Fx, 7rtRAT7—
XTI FXNENHEBERFILH>TND I EER LIz, 2 b O T, DSM%H
WCTET —X 7 7 F ¥ RO ABREZ RIS T2 2 &L TRERBE T r Y27 b~
XAV MIERLTWS., 2D L9518, DSMIFHEED KA A > O EREROHTY —v
& LTHEE &S L7-. Danilovic and Browning) 1%, X 231074 X912, BARD RA LD
DSM OEZ R Ot A5tk 4 5 7= —/L L LT, Domain Mapping Matrix (DMM)
EMHIN DR~ N Y 7 2 %425 L, DMM TEft S 7-4L3E DSM % Multi Domain Matrix
(MDM) @2 & 4 {1 7=



16 B 28 T —%T 7 F v e L WSO LRI AT 7o RE O LB

DSMIZHS S UYL T —F% 7 7 F v kG IEm O ZRAIC BV TIE, Frlln 728 o s,
T =% T 7 FxXat TIEERG O BIRERE TR 2 BN E £ o TV 2R 2 O P EE
RAA & UTHY, WBRERE ISR 2 B2 & D FREE £ > TV D o857 — %
T F kA CIIERERE AL ELTHVA SR T G LavL, DMM 234
BINTHDIE, BB RAAL L OT7 %7 7 F ¥ o252 8T, H—RAA
VIMNEDORFIOHRTIEIH/LNRMERZHRA LT, LV EFEORVEET %77 F ¥
REMERER LT — % T 7 F v ARETARBEN R END L 9T~ 7-. Gorbea et af?d
<> Bonjour et al®®) (38 5L O Wy HEERE L MR B A R A A & L= MDM % IV, Deubzer
and Lindemant®® |85 0 M PRESRE 2 BERERI DR AL, HEREDIREED 2 SO KA A L & LT
SEIL, ZOWBFEREICET 52 RAA V EHERRERE R AL 2525 MDM % VTl
T =% T 7 F v iZiE{To TS, LiED X HiZ, MDM IZX WD KA A v &Rl
AN L TG T — % 7 7 Ty RE D TOND L 9> Tnab. 8T —X%7 7 F %
RFHCB O TG R LT 2RI A LY T, BETHHEREEIRT IMLERSH D, [F
BRIZ, BN AA D DSM Z#i4 #5% W =% T 7 F A BRGHIEEL T, FAAS &
L THW D T 3 2 9T Fik 2 @RI T 5 2 L AREFICIIRO 6 s, Lo
L, MDM D&M FESRCHITEMMIE RN G E ST E0 072t b H D, FAALUR
ST FEORPUZ 1T 2 IS LT,

232 T—FTUFrXFtOBEERRNDILK E T DEXETDRE

WEOT —%T 7 F ¥ RFHI D= - T, TV 2a— VOB E KE L TIUTBE DIEIC
B DHSEZMEITDZ ENMHFETEDLN, T LT, K& ARDLET 2—LN
725 XL B ERASOKNSIZBIT 2 FHEE B DN IICT 22 b METHD. =
T, BREROSENRMEMEEZZ LA, A LW EREFOBMEILB L\ HH
RKLFHLAEDETWDEANL ] Lok 912, fix DBENFEHSEROEANICL
< OBRIZBWTHIET 2MEENFET VUL, oM@ T 5 EROMATITHIGT 2
T OERBERZF LTV 2 — WA LI A X~ A XEfiail s Lz & LT, BEER
SOFFMEDIR TITMZ 72N D BBRIZE > TORROFG S &M LS5 2 ERAHREIC
mHEBEZBND. £, TOX O RBEREEZE L CTREFIREZRETIEL, BERRO
PORFI L OBEA OFBEEEM L CTREEITO ZENARICRDLEEZD. bhAHA,
T =% T 7 F v ZEHIRB W TBEE R ORERO I EDSNTE Y 2 — /b EIT o T2 56
HRMIZ b G L EBARFRERRGL T —X 7 7 F v 2D, 2O b, WEE -
FREEORFERE L ED T L TEXDHL I ENMATH L. ZHICK LT, BEHE
REOHERIRE T — X T FEC LV RME L, ZOBMREFIR L7 DSM & #ikkihe
FRREE OUAFRIR A FLik L7 DSM % DMM (Z K 0 #EH S E 7~ MDM O 7 T AR Y o F



2.3. ZREREEICAT RS T — % T 7 F v B OILRE & 6 17

EITH ZEICLD, BEER - WERE - EEBEEHAT /LT —FT7 7 F v O
EEBERTH L 2E2D. £z, RS, BEERO DSMIC =T 4 v a = &
HTH5Z LIk, ST 2A0OHRZITO FELHET 5.

2.3.3 7—5\:7_'73"'\”n1n'|'0)°'f’ﬂ_LI*£’\0)?fL§Ek%G)nxn'f@n%EH

SZHEMMICBWTE, BRERICHE L RGER 21T Z &z, KEEET
HDEPERNR A FBRT D012, AEEEOH AR OND. ZDD, EVa—LD
HERRAZ IS U720 72 iRt OFAN TR 2GR R L7 0, MNPEZBE L TG T -7 7 F v
DEY 2 —ULEIT-T20 EWofe, BT —X%7 7 Fx LHN TROM AR ZBE
TCBRT —%7 7 F v LN TRORGZITO 2P RObND. ZHERRMICINT
L, EVa—nNOREZ/NSLSTHE, LOVBERIAZ~ABE—a VNAREE 2D,
AR TR A~OZZIRME T BT 5. — T, BEEOBLED DL, MNLOBEHEE & Lo T
Ta— I R L— RET7OERICH Y @O, T2 — A OREN/NES L R DHIE LR T
BENEMEC 2> C, B XA MREMLTCLED EWORERS D, ik L T, #
FHR - PREHE - SRR OF A BRI 2 TR TR O R ALREf% 2 DSM - DMM %
AWTHAET 2 Ecky, BT —X7 7 F v LN TROKARG FIEE2EET 5.

234 T—FTIFvDLETDTSY b T+ —LBRFHDFE

INFEFTONEEBEZ D L, WRORFEED LT-0121E, £T, AifgL oMM e
KEHETHVAT MEEOIBEZEDLMLENDH S, 20 BT, BARMZ2RREEE R
THEOIE, ®MEHTT Ty b7 r—o L LTHBIEEN DN E2IRET D Z LR
%hé.%@%kf,@&@@&fﬁﬁmmmm%hé%y;~wﬁ%mﬁb Thbozx
MAAETZY, HDHWIE, TV 22— NLEMERTZEHICE LI OER Z HBNEF LT
ALV TLZLICE-T, HxOREEHETHZ LN TESH. FIzIE, HEEEE
fﬁ,E@%%Ztﬁﬁ@ﬁﬁm%%y;~w®ﬁﬁébﬁ%ﬁw§%ﬁ% WEBH M T
nTnp @D Ei-, WiZetEpEE TIE, MZHEOIRREY OB %Z Hdb LE S i
x%VyfﬁézkfiDwﬁkﬁ@ﬁ%wwwwﬁﬁm&éhfmkwﬁé@Q

DX, Ty N T x—DL LTV a2 AEBIERFHT Y DA A DRI L o THE
iRt O Rz (T4 0T v ) BDREENDD, TDOT7A 7 v T HREgnn
E D MIZOWNTIETH f@#éﬁ%%*®”ﬁ&74/7/7’aihé@b®@%®
FURMHAR E OISR O L ETEE S, Wl 77y F 7+ —20 8 & TR
WMARPER D — B3 T 23k FH L 0 bIERE - T A OB TE LD mﬂt_éiﬁf
b, TDRD, FRCHAZ~A B — 3 v &) SRBEFRREO X 5 IR IS0
FHRIT 0 L TR I 2 7o B R 2 R D SN A GEITIE, il b S D 0y 2 R E



18 % & 3R

i L TRE, TRHLOHNLEEFEIERICHR BIEICHIGTE 2 bDOZRRNTE LI
LTRSS ZENHEILRD.

2.4 %%

il

ARETIE, BSOS OB Z 58T L, BEEARO SR ISR 2 2RO

ERUELT =% T 7 F Yy OBBRICOVWTI U, ZO@maeEx T, ZHERDOL &
T@@ W —%T 7 F X DFY 2 — ULEFHOLEM. L ZOERICOWVTHR A, KIS,
AFSCCHEY e SRR AT =R T —% 7 7 Fr B EOJEE S B E LT, BEE
K, MNETHR, 77 v b7+ —LRGHE~OHRE - BAZE 2, £ALHITK L ToORE%
5202 L, DSM I L UDMM & Ht AR KIC & 2 i Z st 3 2R GHEDHEE O
FHZ DWW TR

2 % Xk

(1) Ulrich, K., The Role of Product Architecture in the Manufacturing FiResearch Policy
Vol. 24, No. 3 (1995), pp. 419-440.

(2) Eppinger, S. D. and Browning, T. RDesign Structure Matrix Methods and Applications
(2012), MIT Press.

(3) Pimmler, T. U. and Eppinger, S. D., Integration Analysis of Product Decompositions, in
Proceedings of ASME Conference on Design Theory and Method®olgg8 (1994), pp.
343-351.

(4) Danilovic, M. and Browning, T., Managing Complex Product Development Projects with
Design Structure Matrices and Domain Mapping Matritetgrnational Journal of Project
Managementvol. 25, No. 3 (2007), pp. 300-314.

(5) Hounshell, D. A.From the American System to Mass Production, 1800-12324), Johns
Hopkins University PressfiH—K, @K, BRFIER GR), 7 A Y o« AT 4
b RKEAFE~ 1800-1932 (1998): i = K HIRZ).

(6) HEAFESL, AEpEY AT AL — b I X HENHEIC A D MEEN E AR 7 1t A- -
(1997), 7 2.

(7) Ulrich, K. and Eppinger, S. DProduct Design and Developmemixth edition (2016),
McGraw Hil.

(8) Anderson, D. M.,Build—to—Order& Mass Customization; The Ultimate Supply Chain



Z % 3k 19

Management and Lean Manufacturing Strategy for Low-Cost On-Demand Production
without Forecasts or Inventor§2008), CIM Press.
(9) EHMnzs, By 1 oK, B ARE, L RFIEREHI BT DR =— X - WERFERE - FEIR

MEDOMH AR & 2N 6 25T DG TFIEOMM, A A5 25 B G L5 -
T AT N R R SC4E (2015), Paper No. 2207.

(10) F¥fiE—, v A « WA <A B—2 3 VKD A B = X LAHER S~ — T 4> 7D
FEE & R (2007), HBEETS.

(11) Huffman, C. and Kahn, B. E., Variety for Sale: Mass Customization or Mass Confusion?,
Journal of RetailingVol. 74, No. 4 (1998), pp. 491-513.

(12) Jiao, R. J., Simpson, T. W. and Siddique, Z., Product Family Design and Platform-Based
Product Development: a State-of-the-Art Revigournal of Intelligent Manufacturing
Vol. 18, No. 1 (2007), pp. 5-29.

(13) Steward, D. V., The Design Structure System: A Method for Managing the Design of
Complex SystemdEEE Transactions on Engineering Managemeérdl. EM-28, No. 3
(1981), pp. 71-74.

(14) Gebala, D. A. and Eppinger, S. D., Methods for Analyzing Design Procedures, in
Proceedings of the ASME Design Theory and Methodology Confe(@@eé&), pp. 199—
204.

(15) Eppinger, S. D., Whitney, D. E., Smith, R. P. and Gebala, D. A., A Model-Based Method
for Organizing Tasks in Product DevelopmeRgsearch in Engineering Desigkol. 6,
No. 1 (1994), pp. 1-13.

(16) McCord, K. R. and Eppinger, S. D., Integration Problem in Concurrent Enginedvifig,
Sloan School of Management Working Pap¢o. 3594 (1994), pp. 1-13.

(17) Eppinger, S. D., A Plannning Method for Integration of Large-Scale Engineering Systems,
in Proceedings of the International Conference on Engineering Dg4i§87), pp. 227—
233.

(18) Sosa, M. E., Eppinger, S. D. and Rowles, C. M., Designing Modular and Integrative
Systems, inProceedigns of ASME 2000 International Design Engineering Technical
Conferences and Computers and Information in Engineering Confer@t®), Paper
No. DETC2000DTM-14571.

(19) Sosa, M. E., Eppinger, S. D. and Rowles, C. M., Identifying Modular and Integrative
Systems and Their Impact on Design Team Interactidoarnal of Mechanical Design
Vol. 125, No. 2 (2003), pp. 240-252.



20 % % 3k

(20) Browning, T. R., Applying the Design Structure Matrix to System Decomposition and
Integration Problems: A Review and New DirectiofiSEE Transactions on Engineering
Management\vol. 48, No. 3 (2001), pp. 292-306.

(21) Eppinger, S. D., Patterns of Product Development Interaction®raceedings of the
International Conference on Engineeri(@001), pp. 21-23.

(22) Maurer, M. S., Structural Awareness in Complex Product Desigboctoral thesis,
Technische Universitat Minchen (2007).

(23) Gorbea, C., Spielmannleitner, T. and Lindemann, E., U. amd Fricke, Analysis of
Hybrid Vehicle Architectures Using Multiple Domain Matrices, Rroceedings of 10th
International Design Structure Matrix Confereng@808), pp. 387-375.

(24) Bonjour, E., Samuel, D. and Micaélli, J., A Method for Jointly Drawing Up the Functional
and Design Architectures of Complex Systems during the Preliminary System-Definition
PhaseJournal of Engineering Desigivol. 24, No. 4 (2013), pp. 305-319.

(25) Deubzer, F. and Lindemann, U., Product Architecture Definition and Analysis Using
Matrix-Based Multiple-Domain Approaches, ifProceedings of the ASME 2009
International Design Engineering Technical Conferences and Computers and Information
in Engineering Conferenc@009), pp. 1197-1205.

(26) AlGeddawy, T., Samy, S. N. and EIMaraghy, H., Best Design Granularity to Balance
Assembly Complexity and Product Modularitiournal of Engineering Desigrvol. 28,
No. 7-9 (2017), pp. 457-479.

(27) BB =44, [EE] £V =27 —7F A o FFDRO TOTH L ig— (2009), H %
BP ft..

(28) Sabbagh, K. Twenty-First Century Jet: The Making and Marketing of the Boeing 777
(1996), Scribner.



21

H
w
10

7—%54 F v BHOBEER~DIE L ZOREHE

3.1 #&

ARETIE, AT —F7 7 F v REFEZBEERALET 2REFHEOMEICHY . B
KENZIE, DAZ~vAB—Ta &S ZHEERRSLOZDOT —F 7 7 F X G2 B0
i, BFERMOLERICER L, R OBE TR - WELERE - RGO IR -
(RIFRR « SHGER 2GR+ 2 87 — %7 7 F v ixetit &, BEERE O ERICEE
S ZET Y ABRGHELET D, 22TV O BFERMOMEER LI, TA L HE
REFFOBEEIIB LWV I ERLELADETWAEANRE ] RED, HAHEEFEROM
HEDENRL ODFIEIZB W THAETLIRRICH D Z L 2T, [ OBEER - Wik
HE « RGO AR E ORET 20T — %7 7 F v HEHEOHBE IS - > T, £h
Z DO EIR - KRR ZFiak L7 DSM %2 DMM CHH X 72 MDM (2%} LT, ik
éﬂfnéﬁﬁ%@%%é%ﬂ%@bf&?x&vyﬁ%ﬁb%&%%ﬁ?é.%@7n
ABFHEDOWEICH > TUE, LRI T7AZ YV VxS T-EEE R DSM % x4
CLTERN—=T 4 a = TFRERBETS.
EHIT, EEHCEEAT Ry hEpIEE LTIRY B, ELZRLT—%7 27 F v
EHE EZE T e ARGHEEZEMA T 5. 2 Bon=8S T —%T7 7 F v ikt
REZET v ARFHERZ O 5 2 L 2l Lf,iﬁmﬁ%ééﬁﬁﬁé.

32 WAEIAE—2aVEHHMDRRIICE T LHRE

321 EIFICHEITSHRERE

HENHSC/N Y a3 D L 9 e —#oRARBGSC, EXHe Ry MO T/EMO X 5 723
HEERRLG 2 80X, 8T —%T 7 F ¥ ZMNEOENE Y 2 — LV OERIT K o TR



22 8 3E T —%T 7 F vt OEEFERA~OILR & T OREHE

SNDHEY2T7—T—F 77 F XL TEE, Hx OBEDOEIIIN U THI®H DT
BERICE Y 2 — NV EHAEDEDL N AZ v A XLV EERT 52 LM Thil Tl

D, flHx ORFEEEREDENOLMIZ, DFY, RIS L /IR Z FRRIZ /2 o C
W5, ZRESERBEEERICHIET 2 Z ERRO LR T, BRERA~OFMEE
FFB OISR T =% T 7 Fx B/NSVEALTEY 2 —b L, K DHIREALETE
Va— VA ZNZ L DN AR v A REAREL T HZENRDODONDN, HAX <A X
FIRBRENC /el b~ A s arT7a—VavZ|ERITRANS D120, BEORG I A
A3 A RZBITLBRROEGELEBRE L CTHEHU R L~V TR T —F%T 7 F vy DEY 22—
IAEEAT O LEDR D 5.

BT —% T 7 F ¥ DEY 2—/KIZE LT, Zamirowski and Ottd) <= Dahmus et af®
TR DR N—7ICHET W EEREICE R L TEY 2 —/U1bETo T a0, Th
BITVWTNE I AF v A B =T a Va2 bR WEHEEMARIRE LIt DIZ>TEY,
AHFFETHRGR LT D ZREAR L BRITHIE L TE X OBBICEY 2 — IV EMBEDEDL D
AP AR—va Nk B AT 5 X ERRE L b D &3> T,
F7m, YR a7 a—Ta a0k E LTE, IRETYH, BEOBEOEEFR
RTENERICE S E, BEOERICHEG T OHRUL 2 RT L a AT AT ANRE
MTHHLEENTEY O hRF v R EHRLE LT, BEICHEY LT Y 2 — /L5
LR AT T D VAT ABRREENTND DO, LhLians, Zhbns 27 4
BRI T @R EZRK VAL Z LITEE - TERY, ARERDLIT—FT7 7 F v Db
D HREERmETWRWREDEWRT, IAX~AEB—a v &) SREMGLOREIC
B DHEOBRATH DmE /2 h AX ~ A B— g VICHT DR & 137> T,

322 FFICHEITSHFEE

NALR <A E— /a/%{#?%@%ﬁﬁnn’(i fiEl 2 DRI L, BEOERIZEET 5FE
Va— AT v a IR TRMICE TAGDE L DAL~ A XafTo TiREET 5.
Z OB, S ERGEAN @E#E%@%* AR THME I AL A ATV D 1T
T XTI Fx ARG L TR ZENEEL D L EHIC, Hr OBFERICKR LT
%ﬂ%ﬂﬁﬁ@@%vl%w¢ﬁ7va/%%%éf,ﬁﬁébﬁé%v:%w%ﬁ773
VOB ERRT A ERROLND.

FRlZ, AR ~<A ZXOHBENEFITEWEELIZI W TRE DRIk U CREPIRY 722 %0
iz LenWiGs, SRR XEEICEEOERE L >T ol E, £ OERITKIGT
DV a— N EIARGIE Y TTHRBAELZREL TV W) FRE L MOLERH D.
T2, ZTOZEOBRETIE, LITERINIZE Y 2 — VRN RIGRIRT 5 F Y 2 — VO
ZHIRT D22 &N H D70, BEOERZHEWDOIEEITHET HLENH L. KETH



32 WARZA~AVP— g v EREYREOZRITICEBITS

;Hll

el 23

ELTHEY B 5EEM e Ry NTOHREEHNICET D L, BED TR EEo1F72<
o) S ERE TRIFZHECERTZV) EW O EREZEDE L > TEY, A OEXR
WCER L THREOERNEEL TWDL5GE, ZOERMOBEBEEZEREE IRy hox
HERFHZ ARy N7 — A OBRE)E — & OB & SEICRET D &, WA OBE#EILHE T
X5—FHT, T—LEmMTeT7 %y T A FOEREIZERPIBAEL, TX¥vyTF AL b
DFEAFNRIRE SNDHT2, BENMELT D TRGEZEOT <R LD BEROFE R
PETFTDEVSTHENRKELY D, 2L, BENEOTEREZEHRL TNDHOMN
EEEETICZEEED D L, HOHWY TIIEREHDICH ST, HHES CTIIERE
m%;ﬁtﬁiDK%%%m bR ke, DFE D, BEOERITEA 7R <
s 2 T R AT A 72 01iE, BEVDFFOERF LICED X O 2BENH D DA E
2129 2T, ZNHOBRICESDWTZETFIREZBZ XL LB ROLND.
HNABAB— a2 BoZEFEE UL, BEHET > — ho X 5 72
FERICBET AWM A G T — 2 20 L, FBEOIERIGEG LIZZ 7Ly haryEa—
B OWRERTT 550 O 0, a2 NOREEOERMEEMEICH > TEY 2 — /U EHREOH
MHEY 20— LRI Ll 22 R 2 R 5 T DO iR Sh s, Ll
INHDOFETIE, ABRO X 5 722 F FIAD B SRR AT T ATREMEIE B E S v Tuvan.

323 BEEERBELOLEN

WEDOT =T 7 F v R HT=> T, TV 22— VDOHEZRELTHIE, hAZ~A

B a VORI DL 72572, BEROIEICKIT DS EZIEIT 5 2 L AHFET
—7, FRUTEEL T, KELKRDIED 2= 5L HEER DTGB T

HFHMEE R DRV IICT AL LMETHDH. 2T, BEREROERWZEH %
EZIGE LFA&on*%%oﬁ@iBkwo%*%%%AbﬁTmé%A#%wJ
Lol LI, HHBREROMAEG DENE  OBFIZE W THRAT D LERRIC
L%6, TOEROMEEITHIST 2R/ OENEREZFR CEY 22— MIRAE LI AZ~
A AT D L7l LTH, BEERSOFREOEK FITIMA RN S bFEIZE>TO
BIRORG I 2N ESELTENARBICRDL EEZE A BND. £, 20X 5 REKREEBE
TEZEFIRZFRFTIUL, BENFFOERF OB ORBEFEM L CTEEITI Z &
WARBIZ 2D LB X D.

Lﬁ®i5&@§%ﬁﬁ®ﬁﬁﬁﬁ%%%#’¢6k (20X, R DR R OBIRS F

AN DR T — X T2 8ERHY, 0O LT, HHEOICHLT —%7 7 F %
Rt 21T O E TR T WA TIERRAIR T2 2 Lk bbb, BET — 4 &
oA U TR ER M ORI 20T D BICIE, BET —2 & L TEBIERS 0% E
T—HERNDZ EICTUE, BEORERENEICRAE L TCNDT X EIEHTE %)



24 8 3E T —%T 7 F vt OEEFERA~OILR & T OREHE

W, BET v — MRoA v A B a— BV ZEDOT-ONCHHLT — & DS A #ESE T
XHZ LTy, BERERORMRZE(IZH HRHE LT WEBZ oD, 20

LMD, ZET LK ERMOLEERZ O 2 FIEOHMEN RO NS, 20
B, =T — 2 ITBEER D P RE L EMBE O EH LB & W o 7o A TRii S T
BY, WHEERE - ZEEEOERBAVIEL>TND Z 0D, BEENR L WEHE - £
HIAEEOBRERAHNCEE L CTT —F 7 7 F X it 2175 7201, BREROFRITZ
7 — 2 OHHAZ WL, BEER - WEIKRE - EEEELHRICKI L TEZLZEN
WELE TR D

324 XBEO7ITO—F

RO A S ~ A AOFHENEL, BT —% 7 7 Fr#FtOfERIC Lo THESh S O,
%h%%izﬁﬁﬁiﬂ:32I%kiU3ZZ%TTAKﬁX&74?—Va/%#9%
F DS REEOFUCE Y MTe 7= DIZ, ZET — X O L 0 IR S 2R Z R O
HEBAREZZE LT —%7 7 Fr BLOTOLERRICE S ZET vt A 2535
THZLITLEY, WARZ~AB—Ta a2 D ZRIERMNICIIT DR IEORE DR,
TROLZREOHIEZITO) &2 HET. §9FThR, W7 —F7 7 Fviki
IZB W TR ESRE OB DI EASNTE D 2 — /b a2 T o 12 80E, Bz b
& ELERARRRMLT =X 7 7 F X IR0 55D, ZOZehn, BT %77 Fx
DIEWET & 2 WPEEHE - EEEIEOKRFREFRA D EO T L TEXD I LBNATHD.
DDA TIL, BRER - WEHEE - RGO ILERIR - (KEBfR % DSM 1T X
DIPRIEL, ZNHDODSMEHEE LI MDM IZX LT FAZ Y 7352 Lk
LT =X T 7 F A REEITY, 7T RAZY T SN REEER DSM ISR L T &R
DIRAFEIRICHEAS L NN—=TFT v a = 72T 22 LICXY, ZET v RO EAT
I EEZD.

3.3 HEIL—IHHTEBEEREEE

331 BEEERBELEOL-ODITRREDTAE

AL TIE, BRESRMOLERRA T 572000 Oxtg & LT, BENMET
HZREOBEDOZIHEHREREAVD ZEEBET L. 20T —X1%, BEOBEENRRL
TEY 2= A4 T a VOBIMKETENENLEH SN TEY, EONEN LR E R
OILEBIEN [F 7 v a v A ZRIRT ZEERITA TV 3 v B E LIRS 235 5 )
&S B O W EBEREC AR IE O JE TRIBEIICHI T2 Z L RN ARETH D & B R D.



3.3. MBI — VAT & % BRI A 25

FROT =200 AT T a OB R OILERRE T D R E%&@é@ﬁ,%%
DHIETH L. T—26 2HAMORMRE ST 2 FIEEL LTE, #aHTices
BN BFIET D0, ZOFETIEHZ irggjgrmﬁj&wozﬁwﬁ_,ﬁﬁ
AR H L EHBLIZE LTH, ZOELLNRFRE oo T ORERZ5 I LT
WDD), W) ZEEHEIT HZ LIXTE L0, kRS EB ORIt A
T2 2N TERY. LNLARL, ARRIGGEHI W TWD Kot T v a v a@
RI DRI, W OFT > a AW BRRIC S 2 WG PO 3L & 72 5355

&, LEBROITEMENR —F ORI D bOUFET L EEZOND. £72Z OBRIC
IRIE DA 7L a R, House of Qualitit® o BIRE S ICERER T 5 & 5 2 Hny 7240 B
BRSO G BRI T L B AFAE L7200,

KV ELRICHFEIZIS R T Y 2 — /b ZAT 5 121E, BERMOILEREROFELE & I
BRI OILERRO F S 7 — 2 b L, Y a—/HbEOBRICE#RE LTHWD Z
EMBETHDHEEZRD. T2, AT arofldlk, O T a5 - Mgk
WDHZERT L DDH TR, HILHMMDOTERLHELZERTLbDLHY, 20D
i5@ﬁfv57’%bfi%®ﬁ®ﬁd TR o THRARDERITHIE LTV D ATREMED &
L7280, A7 a rOBPIERUTHE LB CHERMROMB 21T 5 WERH 5.

3.3.2 fEIL—ILaH

AR C ORI SN T, RFETIE, T4~ A =V 7 FEO—FETHDHHBEL—V
AT WD ZFNT, IR ET DT =2 &5 5. MBEL—AGHNIE, K31DK ) ICT—
BR— A THEHT 2 EBOMAEDEERSTFH 2 L2 BNE T 20 FikTh s 1D, =
DT —=ZRX=REWWT LT —ZZ T oo varTF—=2 Eh, &7 —2137A47
LES | =iq,ip, ,im DT NOLBENER LT AT LOMBEEOE THERI LTINS,
B — N HT1E, 2T —% D OHP THWIERTHEAEX LY IZHONWT X 2&irT —
ZIXY b ET) W ERBREZRD D FIETHY, [T a v A ZBRIRT 5 ANiEA
TarBbLEBRRT D) Lol L) REEORROEE OLEERE T —F 0 bRk D
BRICES< HWOhD., Zobx, lisivd Bito X o 240 RER%2 THEEELV—Lv) H5
WE 7y vxz—yar e = ) RELMERRT S, 2O X5, MAREL—SHTIT X Y
ﬁéﬂkﬁ@w~w&,@%TX$YJ®i9ﬁﬁWRKT%éh6 ZDL—UITBWT
XAZFEH T D0 EA & el (antecedent) Y 12744 - DA & A iaTh (consequent)
L.

FHBAN— V3 HTIEZE D F £ TR OMBEL— VA L T L E 572, —iKIC
BRNRFEBAN— NV DI AR IA A THIH T 5728 _,i%E@mmmD%EX@WMMMQ
U7 b (lifty v 3 o0FHIREE H WD



26 3T T —FT I T ¥ A ORER IR A~DILR & T ORGEHEA

Transaction data Association rule Association rules
iy iy is im mining Antecedent Consequent
Customer 1 1 1 1 iy = i3
Customer 2 1 1 1 1 ip = im
Customer 3 1 1 — =
Customer 4 1 1 1 \f
Customer 5 1 1 1
\/

Fig. 3.1 Overview of association rule mining.
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Fig. 3.2 Architecture design for optimal order receiving and placing.
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Customer Physical Entity
requirements functions structure

Customer Requirements-
Customer . .
requirements requirements Functions
g DSM DMM

. Physical Functions-
Physical .
functions functions Structure
DSM DMM
Entity Entity structure
structure DSM

Fig. 3.3 MDM integrating customer requirements, physical functions and entity structure.
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Fig. 3.4 Partitioning method for customer requirements DSM.
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4: Product side

5: Runner side vertical motion part

vertical motion part

2: Control part 3: Kick part

1: Traverse part

Fig. 3.5 Industrial three-axis linear-type robot.
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Table. 3.1 Association rules of the industrial three-axis linear-type robot.

Antecedent

Consequent

Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to existing equipment
Adaptability to new equipment
Adaptability to new equipment
Adaptability to new equipment
Adaptability to new equipment
Adaptability to other equipment
Carrying a lot pf products at a time
Carrying a lot pf products at a time
Carrying a lot pf products at a time
Carrying heavy products

Carrying heavy products

Carrying heavy products

Carrying heavy products

Carrying heavy products

Carrying heavy products

S O e T N R A A

Carrying products apart from the injection mold=-
Carrying products apart from the injection mold=-
Carrying products apart from the injection mold=-
Carrying products apart from the injection mold=

Carrying products quickly
Carrying products quickly
Carrying products quickly
Carrying products quickly
Carrying products quickly
Carrying products quickly
Carrying products to the specified position
Carrying products to the specified position
Carrying products to the specified position
Carrying products to the specified position
Carrying products to the specified position

S A R R N R

Carrying heavy products

Carrying products apart from the injection mold
Carrying products to the specified position
Carrying various products

Designability

Inhibiting the occurance of defective products
Putting products side by side

Reducing defective products

Removing unnecessary portions
Shortening retooling time

Adaptability to existing equipment
Carrying various products

Durable body

Reducing defective products

Grasping current production status
Carrying small products

Distributing products to several places
Putting products side by side

Adaptability to existing equipment
Carrying a lot pf products at a time
Carrying products quickly

Carrying products without damaging
Carrying small products

Putting products in an arbitary direction
Adaptability to existing equipment
Adaptability to other equipment

Carrying products to the specified position
Grasping current production status
Carrying heavy products

Complying with environmental regulations
Coping with the robot’s trouble quickly
Easy maintenance

Putting products side by side

Reducing costs

Adaptability to existing equipment
Carrying products apart from the injection mold
Carrying products without damaging
Durable body

Grasping current production status
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Table 3.1 continued from previous page.

Antecedent

Consequent

Carrying products to the specified position
Carrying products to the specified position
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying products without damaging
Carrying small products

Carrying small products

Carrying small products

Carrying various products

Carrying various products

Carrying various products

Carrying various products

Carrying various products

Carrying various products

Carrying various products

Carrying various products

Carrying various products

Complying with environmental regulations
Complying with environmental regulations
Complying with environmental regulations
Complying with environmental regulations
Coping with the robot’s trouble quickly
Coping with the robot’s trouble quickly
Coping with the robot’s trouble quickly
Coping with the robot’s trouble quickly
Coping with the robot’s trouble quickly
Designability

Designability

Designability

Designability

Designability

Designability

Designability

Distributing products to several places

S R R O 0 N R R R A A

Protect the robot’s body from machine troubles
Reducing defective products

Carrying a lot pf products at a time
Carrying heavy products

Carrying products to the specified position
Carrying small products

Carrying various products

Designability

Durable body

Easy maintenance

Inhibiting the occurance of defective products
Meeting restriction in the installation place
Putting products side by side

Reducing defective products

Shortening retooling time

Adaptability to existing equipment
Adaptability to new equipment

Carrying a lot pf products at a time
Carrying products without damaging
Coping with the robot’s trouble quickly
Distributing products to several places
Durable body

Putting products in an arbitary direction
Putting products side by side

Reducing costs

Reducing defective products

Shortening retooling time

Carrying products quickly

Easy to use for operators in various countries
Meeting restriction in the installation place
Reducing costs

Carrying various products

Easy maintenance

Easy operation for any operator

Easy to use for operators in various countries
Shortening retooling time

Adaptability to existing equipment
Adaptability to new equipment

Carrying products without damaging
Carrying various products

Durable body

Putting products in an arbitary direction
Putting products side by side

Carrying a lot pf products at a time
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Table 3.1 continued from previous page.

Antecedent Consequent

Distributing products to several places Carrying small products

Durable body Adaptability to new equipment

Durable body Carrying products to the specified position
Durable body Carrying products without damaging

Durable body Carrying various products

Durable body Designability

Durable body Grasping products

Durable body Inhibiting the occurance of defective products
Durable body Meeting restriction in the installation place

Easy maintenance

Easy maintenance

Easy maintenance

Easy maintenance

Easy maintenance

Easy maintenance

Easy operation for any operator

Easy operation for any operator

Easy to use for operators in various countries
Easy to use for operators in various countries
Easy to use for operators in various countries
Easy to use for operators in various countries
Grasping current production status

Grasping products

Grasping products

S O e R N R A A

Inhibiting the occurrance of defective products =
Inhibiting the occurrance of defective products =

Keeping the factory’s sanitation

Keeping the factory’s sanitation

Keeping the factory’s sanitation

Meeting restriction in the installation place
Meeting restriction in the installation place
Meeting restriction in the installation place
Meeting restriction in the installation place
Preventing products from sticking impurities
Preventing products from sticking impurities
Putting products in an arbitary direction
Putting products in an arbitary direction
Putting products in an arbitary direction
Putting products in an arbitary direction
Putting products in an arbitary direction
Putting products in an arbitary direction
Putting products in an arbitary direction
Putting products side by side

Putting products side by side

S T R O A

Carrying heavy products

Carrying products without damaging
Coping with the robot’s trouble quickly
Preventing products from sticking impurities
Reducing costs

Reducing defective products

Coping with the robot’s trouble quickly

Easy to use for operators in various countries
Complying with environmental regulations
Coping with the robot’s trouble quickly

Easy operation for any operator

Reducing costs

Adaptability to other equipment

Durable body

Meeting restriction in the installation place
Carrying products without damaging
Reducing defective products

Improving production speed

Preventing products from sticking impurities
Reducing costs

Carrying products without damaging
Complying with environmental regulations
Durable body

Grasping products

Improving production speed

Reducing costs

Carrying heavy products

Carrying products to the specified position
Carrying various products

Designability

Inhibiting the occurance of defective products
Reducing defective products

Shortening retooling time

Adaptability to existing equipment

Carrying a lot pf products at a time
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Table 3.1 continued from previous page.

Antecedent

Consequent

Putting products side by side
Reducing costs

Reducing costs

Reducing costs

Reducing costs

Reducing costs

Reducing costs

Reducing costs

Reducing costs

Reducing costs

Reducing defective products
Reducing defective products
Reducing defective products
Reducing defective products
Reducing defective products
Reducing defective products
Reducing defective products
Reducing defective products
Removing unnecessary portions
Removing unnecessary portions
Shortening retooling time
Shortening retooling time
Shortening retooling time
Shortening retooling time
Shortening retooling time

L R R e L | O R

Carrying small products

Adaptability to new equipment

Carrying products quickly

Carrying various products

Complying with environmental regulations
Easy maintenance

Easy to use for operators in various countries
Keeping the factory’s sanitation

Preventing products from sticking impurities
Reducing defective products

Adaptability to existing equipment
Adaptability to new equipment

Carrying products to the specified position
Carrying products without damaging
Carrying various products

Easy maintenance

Inhibiting the occurance of defective products
Putting products in an arbitary direction
Adaptability to existing equipment
Reducing costs

Adaptability to existing equipment

Coping with the robot’s trouble quickly
Putting products in an arbitary direction
Carrying products without damaging
Carrying various products
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Preventing products from sticking impurities
Inhibiting the occurance of defective products
Protect the robot's body from machine troubles
daptability to other equipment
Easy to use for operators in various countries
Carrying a lot pf products at a time
— [Carrying products apart from the injection mold

(Carrying products quickly
- —=|Removing unnecessary portions
Meeting restriction in the installation place

Putting products in an arbitary direction

[Complying with environmental regulations
— |Adaptability to new equipment

Distributing products to several places

daptability to existing equipment
Reducing costs
(Coping with the robot's trouble quickly
Grasping current production status
— |Putting products side by side

Carrying products without damaging
Easy operation for any operator

Improving production speed

— = |Carrying various products
Easy maintenance
Keeping the factory's sanitation
(Carrying small products

— |Designability
|Grasping products

— [Carrying products to the specified position

— |Reducing defective products

— |Shortening retooling time
— [Carrying heavy products

Adaptability to existing equipment
Reducing costs
Improving production speed

Preventing products from sticking impurities 1
Carrying products quickly 1
Removing unnecessary portions 1
Carrying products to the specified position 1
Carrying products without damaging

Carrying various products 11
Reducing defective products 11
Shortening retooling time 1

Coping with the robot's trouble quickly
Durable body

Carrying heavy products 1
Easy maintenance 1
Designability 1
Keeping the factory's sanitation 1

Putting products in an arbitary direction
Inhibiting the occurance of defective products 1
Protect the robot's body from machine troubles
Adaptability to other equipment

Grasping current production status

Easy operation for any operator

Complying with environmental regulations 1
Adaptability to new equipment 1
Meeting restriction in the installation place

Easy to use for operators in various countries 1
Carrying a lot pf products at a time
Carrying products apart from the injection mold | 1
Carrying small products

Distributing products to several places
Putting products side by side 1
Grasping products

Fig. 3.6 Customer requirements DSM of the industrial three-axis linear-type robot.
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Fig. 3.7 Product side and runner side vertical motion parts.
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Case 1

Case 2 Case 3

Module

Module Module
Parts name
No.

No. No.

Nipper

Pressure reducing valve

Concetrated exhaust unit
Solenoid valve

IP cable cover
Bracket

Attachment head
Product chuck
Vertical revolving unit

Horizontal revolving unit
NC reversing unit

Head changer

Head detachable tool
Weight detecting device
Sprue chuck

VP proximity sensor (P)
VP frame (P)
Arm

Reversing part proximity sensor
Weight detecting monitor
VP dog (P)

Air tube fixingplate ¢
VP rollers (P) \ -
VP shaft guide (P) .
VP shaft guide (P) poTe
Speed controller N
Speed controller N
Cylinder fixing frame v

VP air cylinder (P) NN

Terminal base plate NN

Manifold NN

Terminal Nt

VP lock nut (P) NN

VP block (P) NS

VP clumper (P) * . N X
VP pulley (P) ) . Y X
VP pulley (P) NN
VP timing belt (P)
VP timing pulley (P) \
VP clumper (P) Rl .
Lower linear guide (R) (S L
VP rollers (P) Y
Upper linear guide (P) W
Lower linear guide (P) WY
KP rail N
VP pulley cover (P) kY ‘\‘
VP servo motor (P) NN
VP reduction gear (P) N
VP base (P) ‘\‘\
Note. KP: Kick part, VP: Vertical mortion part,

TP: Traverse part, (P): Product side,
(R): Runner side

=Y R%=1 B S0 S S 1 ) S RS ST B =Y (5 PSS FSI PN FS) FNY FNY S N N N S Y N N ) Y 06 1S [

(02} KO3 RV, (V. (V. (WO} NOZ ) NOO (N AN QEANY QNN TSN ONG NS QSNY (US) UV RUCH RUSY [US) NUS) NUSE O] [\O) [\O) [ O3 NN R\CN 1) [ o) [\o) Nie) oy Py o Ee Bt Il e B e e Iy ey e I

W

.
-
o) EN) EN] IESY EN] ENY BSY BN ENE BN (o [o (V) (V. (V) KV} KUY o Ny Ny [OV) [US) RUSY 1SR N\S) [\O) | O} IS} IR N\CN §\O) [ O} [\o} Nie) P ey P o o Pl Bl B B B el ey e e

Fig. 3.8 Results of modularization of the industrial three-axis linear-type robot (part 1).
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6 [VP servo motor (R) 8
6 [VPreduction gear (R) 8
6 [VPtiming pulley (R) 9
6 |VPrallers(R) 9
6 |VPshaft guide (R) 9
6 [VPpulley cover (R) 9
6 |VPbase(R) 9
6 [VPpulley (R) 9
6 [VPpulley (R) 9
6 VPtiming belt (R) 9
7 __|VProllers(R) 9
7 |VPshaft guide (R) 9
7 |VPclumper (R) 10
7 VP clumper (R) 10
7  |VP proximity sensor (R) 10
7 |VPdog (R) 10
7 [VPframe (R) 10
7 |VPcable cover fixing plate (R) 10
7 |VPlock nut (R) 10
7 [VPblock (R) 10
7 [Runner chuck fixing plate 10
8 [VPcablecover (R) 10
8 [Coupling 11
8 Lower plate 11
8 [Rodllers 11
8  [Grease pocket
8 |Grease pocket
8 [Lower plate cover
8  |[Upper shaft guide
8 |Rollers
8 Lower shaft guide B - N
9 [Position adjustment frame 13
9 [Position adjustment plate 13
9  [Reed switch 14
9  [Supporting part 14
9 [Finger 15
9 Upper block 15
9  [Lower block 15
9 |Joint 15
9 [Compression spring 15
9 |[Piston packing 15
9 [Piston 15
10 |Rollers 16
10 |Lower shaft guide 16
10 |Lower plate 17
10 |Rollers 17
10 [Grease pocket 17
10 [Grease pocket 17
|10 __|Upper shaft guide 17

Fig. 3.8 Results of modularization of the industrial three-axis linear-type robot (part 2).
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11 [Base
11 |IPpulley
11 |IPpulley

11 |IPwiring fixing plate

11 |IP Coupling

11 |Reduction gear fixing plate

11  |IP servo motor

11 [TPreduction gear
12 |IPtiming pulley

12 |VPcable cover (P)

12 [VP cable cover fixing plate (P)

12 |Coupling

12 |TPtiming belt

12 |TP clumper

12 [TPblock

12 |TPlock nut
13 |TP clumper

13 TP block
13 [TPlock nut
13 [TPframe

13 |TPtop cover

13 |TPtop cover

13  |Control box

13 |Signal light

13 |Signal tower

13 |Externd nipper unit

13 |Prop

13 _|Energy saving adsorption unit
14  |Automatic pump

14 [KPframe

14 [KP pulley cover

14 |KPtop cover

14 |Upper linear guide (R)

14 |KPrail

14 |Electrostatic eliminator

14  [Limit switch

14  [Proximity device

14 [Hand pump
15 |Touch panel
15 [Software

15 |Protective sheet

15 |CCD camera

15_|Lightlense o e

16 |Connection plate 26 30
16 |Air regulator 26 30
16 |TPbase 26 31
16 [Maintenance step 26 31
16 |Spacer 26 31
17 |TPplate 27 32
17 |Cable bear 27 32
17 |Large plate 28 32
17 |Littleplate 28 32
17 |Sideframe 28 32
17 |IP cover 28 32
17 [Middle plate 28 33
17__|Solenoid valve guide 28 33

Fig. 3.8 Results of modularization of the industrial three-axis linear-type robot (part 3).
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18 |Digital pressure sensor plate 28 33
18 |[Digital pressure sensor 28 33
18 |Air suction 28 33
18 __|Vacuum gjector 28 33
19 |KPblock (P) 29 34
19 |KPlock nut (P) 29 34
19 [KPpulley (P) 29 34
19 [Pulley supporting plate (P) 29 34
19 [KPtiming pulley (P) 29 34
19 |KPtiming belt (P) 29 34
10 |Beltclip guide (P) 29 34
20 [KPblock (R) 30 35
20 |KPlock nut (R) 30 35
20 |KPpulley (R) 30 36
20 [Pulley supporting plate (R) 30 36
20 [KPtiming pulley (R) 30 36
20 |KPtiming bet (R) 30 36
20 __|Belt clip guide (R) 30 36
21 [KP servo motor (P) 31 37
21 |KPreduction gear (P) 31 37
21 |KP servo motor (R) 31 38
21 |KPreduction gear (R) 31 38
| 21 |Kpplate ______________} 3T Fr 38

Fig. 3.8 Results of modularization of the industrial three-axis linear-type robot (part 4).
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Fig. 3.9 Clustering result of the industrial three-axis linear-type robot (Case 1) [left half part].
Note: Each DSM and each DMM are respectively shown in Fig. 3.12 to 3.16.
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10|

Fig. 3.9 Clustering result of the industrial three-axis linear-type robot (Case 1) [right half part].
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Fig. 3.10 Clustering result of the industrial three-axis linear-type robot (Case 2) [left half part].
Note: Each DSM and each DMM are respectively shown in Fig. 3.17 to 3.19.
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Fig. 3.10 Clustering result of the industrial three-axis linear-type robot (Case 2) [right half part].
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Fig. 3.11 Clustering result of the industrial three-axis linear-type robot (Case 3) [right half part].
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Carrying products apart from the injection mold
Protect the robot's body from machine troubles | g

Inhibiting the occurance of defective products
Keeping the factory's sanitation
Improving production speed

Carrying various products

[Adaptability to new equipment
Preventing products from sticking impurities

Carrying products to the specified position

— |Adaptability to existing equipment
Putting products in an arbitary direction

Designability
Distributing products to several places

Carrying products without damaging
Carrying small products

Shortening retooling time
Grasping current production status

Reducing defective products
Carrying a lot pf products at a time
Carrying heavy products
[Adaptability to other equipment

Durable body
Grasping products

[Easy to use for operators in various countries

Reducing costs
[Complying with environmental regulations

Meeting restriction in the installation place
[Easy maintenance

Removing unnecessary portions
Grasping products

(Coping with the robot's trouble quickly
[Easy operation for any operator

Carrying products quickly

1]Removing unnecessary portions

Meeting restriction in the installation place
Grasping products 1
Coping with the robot's trouble quickly
Easy to use for operators in various countries 1 1 11
Reducing costs 1 1 1 11 1 1 1
Carrying products quickly 1 1 1

Easy operation for any operator 11
Complying with environmental regulations 1 1711
Easy maintenance 1 11 1 1

Reducing defective products 1 1 111 1 111
Carrying products to the specified position 1 11 11 1
Adaptability to existing equipment 1 11 1 1 1 1)1 1 1
Putting products in an arbitary direction 1 1 1 1 1
Designability 11 11

Durable body 11 1 1 1 11
Carrying products without damaging 1 111 1 11 111 1
Shortening retooling time 1 11 1 1
Inhibiting the occurance of defective products 1 11 11

Carrying various products 1 1 1 1711111 1
Adaptability to new equipment 1 1 1 1 1
Grasping products 1 1 1 1 11
Distributing products to several places 11
Carrying small products 1
Carrying a lot pf products at a time 1
Carrying heavy products 1 1 11 1
Adaptability to other equipment 11

Grasping current production status 1 1 1

Carrying products apart from the injection mold 11

Keeping the factory's sanitation 1

Improving production speed 1 1
Preventing products from sticking impurities 1 1 1
Protect the robot's body from machine troubles 1

NN
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Fig. 3.12 Clustering and partitioning result of the customer requirements DSM (Case 1).
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roducts from sticking
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ing products apart from the injection mold

ing heaw

Fig. 3.13 Clustering result of the requirements—functions DMM (Case 1) [left half part].

Inhibiting the occurance of defective products

Easy to use for operators in various countries
Carrying various products

Reducing costs
Carrying products to the specified position

[Complying with environmental regulations
Adaptability to existing equipment

[Meeting restriction in the installation place
Easy maintenance

Graspin

(Coping with the robot's trouble quickly
Putting products in an arbitary direction
Distributing products to several places
Carrying a ot pf products at a time

Carrying products without damaging
Cai

Easy operation for any operator
Reducing defective products
Shortening retooling time
|Adaptability to new equipment
Grasping products

Adaptability to other equipment
Keeping the factory's sanitation
Improving production speed

Removing unnecessal

Ca
Preventin,

3 [Carrying products quickly

4 |Durable body

5 [Carrying small products

6 [Grasping current production status

8 [Protect the robot's body from machine troubles

1
7

2




59

-+~

A

T—%T I F vk

ZHhEAZ TR O

3.6. FEEXM

124

61

SNt JauUni 54; bupioddns|
yied [jeopen apis Jouuni sy Bupoddng|
Buuim opjoeje ubugeayul

8l

saqnj Jie pue Buuim oujoale Buiyoeja(
uonow Ajejou ojul Ayouyoale Buiaauo))
uonow Afejo ol Ayouoala Buneauo)

peay uawyoene ay) Buiyoeleq]|

A

uonow [euonejsues) Bumiwsuel |
uogow [euopejsued sy buiping)
apinb Buipys Buoje BuiAop|
1yBiom s,uossed e Bupioddng

9l

PEoU JUSWLIENE o) buioddng|
‘sawieyy Jo pua ay) Bunosjoud|

SIUSPIOOE JUBLIBAIOAU BupuBASI

1ed [eoruen apis Jonpoid papjow ay) Buioddnsg|

Sl

Ssealb buikddng|
Buuim ouaje Bunoaiold
asealb Buiniesay|
Ayoojan Buinow ayy Buiseasou|

v

UonIpUGS SUIGoEW BuIkeldsiq|
Je6uly 3y Jo uonow ay) Buisuag|
uonesado buiddoig)

uonisod onyd Jauuuni ay) Bunsnipy]
uonisod payloads ayj je buiddog]

€L

70001 59U} JO 1USWBAGW 54} Bunenw
sjonpoud papjow Jo yBlam Buikeidsiq|
isod dojs ayj Bunesipuy|
paeds uojsid ay) Bunsnipy]

spoalqo juoyy Buisuag)

k13

7159 BuIwn 541 10 Uoisua) Bunsnipyl
uopow [euope|sue ay) Buiping)

uonow [euonejsues) Bumwsuel |

uojjow [euone|sues ojul uopow Ajejos Bupieauo)
apin6 Buipyjs Buoje BUINO

1

111

1

Sinssaid Uopons 10} 5bUEl BUISUSS a4} Bunsnipy|
|9A9] JuEjsuod e je ainssaid uonons Bulurejurey|
1snp Buuay!

ainssaud uopons Bunseap|

aunssaud uoyons Buneoipy|

[

Ti2d 3o} o) Bupioddng)
ped uoposlu ayy Buipoddng]
‘aseq ped uonoalu ay) Buipoddng]
Apoq suiyoew sy} Bupioddng|
ed j011u00 Y} Buoddng]

JoNuow oy Bunpatolg|
anb.o) Asejos Buiseasou|

uonow Ajejou ojul AyoLyoals Buiaauo)

UoNow [euone|sUEI ojul uoow Ajejos BuneAuo))
sped Bujosiold]

Jeq Buiwi sy jo uoisus) Bunsnipy]

uojjoul [euoe|suel bupwsuel ]|

uonow [euope|sues; ayy buipino)

uonouw Afejol ojul uojow uonesues BuneAuo))
uopow Bupesoudioe Jeaul| ojuy ainssaid Jre Buneauo)
apinb Buipis Buoje Buinop|

Yeys Japullko ayy Buneooidioey|

uonouw Ajejou ojul 11109|8 BuiaAuo))

anbioy Aiejos Buiseasou|

uonow [euope|sue ay) Buiping)

uonow [euone|suel} ojul uonow Ajejos Buipaauo))
J1eq Buiwy ay) Jo uoisus) Bunsnipy]

uonouw [euone|sues} Bumiwsued | |

apind Buipyis Buofe Buiopy|

1111

1

J12q Buiwi ay) Jo uoisus) Bunsnipy]
uonow Ajejou ojui Ayoujos|e BuipeAuo)
@nbuo) Asejos Buiseasou||

uonow [euone|sued ay) Buiping)

Fig. 3.13 Clustering result of the requirements—functions DMM (Case 1) [right half part].
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Fig. 3.14 Clustering result of the physical functions DSM (Case 1) [left half part].



61

v N OB T —%T 7 F o At~

IEL A 1 R

3.6. FEEXM

185 59107

Sribio; burseaiou|

ono J8uuny 541 Buoddns|
vied [eofian apis Jauuns au) Bunoddns|
Buum ouoale UBUYEIBe

'saqn) Jie pue Buuim oupdaje Buiyoeleq|
uonow Ajejos ojul Aouoele ueauo|
uofow o1 oju AoLIV9[0 BuieAUOD)|

pesy Juswyoene oy} Buyoelaq|

onou [euohefsue:
uonows jeuopefsuex ay) Buping |
apind Buppis Buoje Buinow|
1yBiem suosied e Bupioddns|

St Bumioddns|
sawey Jo pus ay) BuNaI0id

Suapiooe JuswanoAu Bujusrasd]

Vied [E91aA 8PIS 19NPOId PapIow ok Buoddns|

556015 BUIAIGdnS |
Bupm ouoele Bundsiold]
esealb Buiniesey|

fypojan Buyhow oy Buiseasou|

165 ouiaEw BUiedsiq
186uy 2y} o uogow ay) Buisuas|
uopesado Buiddors|

uonsod yonyo seuuuni sy Bunsnipy|
uomisod paypads au) e Buiddois|

70401 511 10 1UBWaROL o) BuneInIS|
snpoid papiou o 1yBiem Buikedsig
u

poads uojsid oy} Bunsnipy|
S109[qo Juoy Buisuss|

50 BULY o1 10 Uorsuat Burspy)|

uonows jevopejsuen Bupwsuesy|
uonouw [euonelsue: oju uonow Afelos Buperuod|

Sinssa1d Uofons 10] SBUEl BUIsUSS 1) BuTsTIpY|
981 1UE1SU00 € Je @inssaid Uorons BuuiEIuIEH|
150 B

ainssaid uogons Buunseap|

aunssaid uonons Buneaipu

Ved ob| o) buoddns|

1ied Uogpelur o) Bupoddns|
‘eseq Led uopefu) o) Bupoddng|
Apoq euyoew ety Bugioddns|
1ued j011u00 ey Bupioddng|

oW 61 BuRBIolg
anbio) Arejos Burseaiou|

sued Bunosjoig|
}18q Bujwy ey jo uoisus) Bunsnipy|

[EEEEIEET
uorjous fevolielsues ey BupIno|

uonou Ajeios ojul Uojow uoelsues Butienuoo)|

uonows Buyeoodiosl Jeaul] oju) eanssaid Jre Bugienuoo)|
pinb Buppis Buoje Buino|

Yeus Jopuilko ey Bugesoidpey|

Gonow Ajeio1 o1l ApHoeI BueAuos|
anbio) Arejos Burseaiou|

uonows jeuopiefsuex sy Buiping|

uonou [euonelsu:) ojut oow Afelos Bunenuoo|
g Butuy e o uoisuay Bunsnipy|

uoow jevonefsues Buwsuesy|

pInG Buipiis Buole Buinow|

/5 BUIY 511 10 UoISUS) BURSTIpY|
uofiow Ajeios oju AoLR9}e BueAuoD)|
enbio) Arejos Burseasou|

uonous jeuopefsuen ay) Buping |

uoou euopersuen Bupwsuey|

Fig. 3.14 Clustering result of the physical functions DSM (Case 1) [right half part].
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Fig. 3.15 Clustering result of the functions—structure DMM (Case 1) [left half part].
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Fig. 3.17 Clustering result of the physical functions DSM (Case 2) [left half part].
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Fig. 3.17 Clustering result of the physical functions DSM (Case 2) [right half part].
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Fig. 3.18 Clustering result of the functions—structure DMM (Case 2) [left half part].
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Structure - assembly

Entity structure DSM DMM
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Assembly process DSM

Fig. 4.5 DMM between entity structure DSM and assembly DSM.
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Fig. 4.6 Overview of the evaluation function for structure—assembly DMM
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Requirements—functions—structure MDM clustering result of the air conditioner [left
half part]. Note: Each DSM and each DMM are respectively shown in Fig. 4.10 to
4.14.
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Fig. 4.7 Requirements—functions—structure MDM clustering result of the air conditioner [right
half part].
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Fig. 4.8 Structure-assembly MDM partitioning result of the air conditioner [left half part].
Note: Structure—assembly DMM and assembly DSM are respectively shown in Fig.
4.15 and 4.16.
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ire sensor to the electric unit

ry flap motor to the blowout port unit

ble the outside air

Assemble the floor surface temperature sensor to the operation lamp panel
[Screw the louver unit to the outlet unit

Assemble the speaker on the operation lamp panel

Assemble the indoor temperature sensor to the dust box guide
[Screw the au:

[Suck down the blowout port unit and cover the panel motor
[Screw the cleaning motor unit to the dust box guide
[Screw the louver motor unit to the blowout port unit

Assemble the wireless LAN adapter to the electril unit
Assemble the brush to the dust box

[Screw the left side plate to the heat exchanger
[Screw the louver unit to the outlet unit

Assemble the air filter to the duct
Assemble the tongue part to the bottom frame
Assemble the sirocco fan to the bottom frame

|Attach the dust removal filter to the filter guide
Assemble the flap on the blowout port unit

[Screw the dust box guide to the filter guide
Assemble the filter on the filter guide
[Screw the flap motor to the air outlet unit
Screw the drain hose to the bottom frame
[Screw the dust box guide to the filter guide

Screw the left side plate to the heat exchanger

[Assemble the air filter to the duct

Screw the dust box guide to the filter guide

[Suck down the blowout port unit and cover the panel motor

[Assemble the indoor temperature sensor to the dust box guide

[Assemble the floor surface temperature sensor to the operation lamp panel
[Assemble the speaker on the operation lamp panel

Screw the auxiliary flap motor to the blowout port unit

[Assemble the wireless LAN adapter to the electril unit

Screw the louver unit to the outlet unit

Attach the dust removal filter to the filter guide

[Assemble the filter on the filter guide

Screw the cleaning motor unit to the dust box guide

[Assemble the brush to the dust box

Screw the flap motor to the air outlet unit

[Assemble the outside air temperature sensor to the electric unit

Screw the louver unit to the outlet unit

Screw the drain hose to the bottom frame

Screw the dust box guide to the filter guide

[Assemble the tongue part to the bottom frame

[Assemble the flap on the blowout port unit

[Assemble the sirocco fan to the bottom frame

Screw the louver motor unit to the blowout port unit

Fit the fan motor unit to the sirocco fan

[Assemble the inner unit to the blowout port unit

Wiring in the filter guide 1 1
[Assemble the filter on the filter guide 1
Screw the wind direction board motor to the blowout port unit
Screw the louver motor unit to the blowout port unit 1

Screw the right side plate to the bottom frame 1
Wiring in the outlet unit 1 1
Screw the cleaning motor unit to the dust box guide 1

[Assemble the sensor on the operation lamp panel
Screw the heat exchanger to the bottom frame 1 1
[Assemble the operation button on the operation lamp panel
[Assemble the air supply duct to the bottom frame 1

Assemble the wind direction board to the outlet unit 1 1

[Assemble the blowout port unit to the bottom frame: 1 1 1 1 1 1
Attach the lower suction panel to the bottom frame 1

[Assemble the heat exchanger cover on the right side plate
the operation lamp panel on the front lower panel 11

Screw the filter guide to the bottom frame 1 1 1 1
[Assemble the suction pipe / discharge pipe cover to the bottom frame
Assemble the auxiliary flap to the blowout port unit 1 1 1
Screw the front lower panel to the bottom frame
Screw the electric components to the bottom frame: 1 1
[Assemble the cleaning motor unit to electric unit 1
[Assemble the indoor temperature sensor to the electric unit 1

[Assemble the cleaning motor unit to electric unit
[Assemble the heat exchanger thermistor to electric unit
[Assemble the auxiliary flap motor to the electric unit 1
Assemble the louver motor unit to the electric unit
Assemble the louver motor unit to the electric unit 1
Assemble the inner unit to the electric unit

[Assemble the temperature / humidity sensor to the electric unit
[Assemble the fan motor unit to the electric unit

[Assemble the bottom panel to the bottom frame

[Assemble the operation lamp panel to electric unit

[Assemble the dust box to the dust box guide 1 1 1
the lower suction panel motor to the electric unit 1

Assemble the wind direction board motor to the electric unit
[Assemble the flap motor to the electric unit 1
Screw the left side panel to the left side plate

Assemble the sensor to the duct

[Assemble the brush to the dust box

Insert the heat exchanger thermistor in the heat exchanger
Screw the right side panel to the right side plate

Screw the electrical cover to the right side panel

[Assemble the dust box to the dust box guide 1 1
[Assemble the front panel to the side panel 1
[Assemble the rear panel to the bottom frame 1

Fig. 4.9 Assembly process DSM partitioning result of the air conditioner without considering
relationships with entity structure [left half part].
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Making cool the room 11 1 1 1
Immediately cooling down 11 11 1

Operating from outside the house
Reducing humidity in the room 1
Working even at high temperature 1
Room comfortable when coming home
Does not vibrate

Keeping cool until sleeping

Inconspicuous in the dark room

Moving quietly

Making the room warm from morning
Gentle wind

Preventing erroneous operation

Easy to operate

(Operating from a remote place

Preventing accidents

Matching the user-individual's way of using
Operating without remote controler
Reducing manual operation

Preventing mistakes and accidentalities

Shape that fits into the room

Color with a sense of cleanliness
Serene color

Indicating the proper room environment
[Aiming wind towards the user

Not making the room too cold 1
Fitting in the installation place

Making fine adjustments

High efficiency

Capacoty is appropriate

Indicating the usage situation

Power saving

Promoting energy saving

Making smell of room air better
Working even at low temperature
Removing dust

Removing allergens

Maintenance free

Easy to maintain

Providing fresh air

Durable sturcture

Fitting in the outdoor installation place
|Attached to outdoor installation place
[Smaller weight than the allowable load of the installation place
Generating a flow of air 1
Making the room warm

Making warmer quickly
Preventing the drying of room air
Making warm around feet

Warm and cool anywhere in the room 1

Fig. 4.10 Customer requirements DSM clustering result of the air conditioner.
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Instructing the flow rate adjustment of the refrigerant

Displaying information
[Changing electric power to rotational motion

(Changing rotary motion to translational motion
JAdsorbing suspended matter

Learning from the use environment
[Saving dust

Receive operation input
Learn from usage
[Sending a radio wave
Measuring the time
— [Measuring temperature
[Changing display brightness
— —|Compressing refrigerant

[Operation Lock
Receiving radio waves

Receiving Infrared
Displaying information
[Sending infrared ray
Indoor unit shape
Indoor machine color
[Accumulating water
[Sending water
Remember settings
Perceive people
Protecting the aircraft
Removing dust

Draining

— [Measuring the temperature
—[Sending refrigerant

— [Transmitting control signal
— |Accumulating refrigerant

Making cool the room
Immediately cooling down
Operating from outside the house 1 1
Reducing humidity in the room
Working even at high temperature 1
Room comfortable when coming home 1111 1
Does not vibrate 1 1 1 1
Keeping cool until sleeping 1 1 1 1
Inconspicuous in the dark room 1
Moving quietly 1 1 1 1
Making the room warm from morning 1 1 1)1 1
Gentle wind
Preventing erroneous operation 1
Easy to operate 111 1 1 1
Operating from a remote place 1 1

Preventing accidents 1
Matching the user-individual's way of using 1 1 1
Operating without remote controler 1 1
Reducing manual operation 1 1 1 1 11 1
Preventing mistakes and accidentalities 11
Shape that fits into the room 1
Color with a sense of cleanliness 1
Serene color 1
Indicating the proper room environment 111 1 1 11 1
(Aiming wind towards the user 1
Not making the room too cold 1 11 1 1
Fitting in the installation place 1
Making fine adjustments 1
High efficiency 1 1 1 1 1111
Capacoty is appropriate 1
Indicating the usage situation 111 1 1 11 1 1
Power saving 1 11
Promoting energy saving 111 1 11
Making smell of room air better 111 11
Working even at low temperature 1 1
Removing dust
Removing allergens
Maintenance free 1 1 1 1 1
Easy to maintain
Providing fresh air
Durable sturcture 1
Fitting in the outdoor installation place 1
Attached to outdoor installation place 1
Smaller weight than the allowable load of the installation place 1 11 1
Generating a flow of air
Making the room warm 171 1 1|1 1
Making warmer quickly 1
Preventing the drying of room air 1
Making warm around feet 1 1 1
Warm and cool anywhere in the room 1 1 1 1

Fig. 4.11 Requirements—functions DMM clustering result of the air conditioner [left half part].
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Fig. 4.11 Requirements—functions DMM clustering result of the air conditioner [right half part].
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Receiving Infrared 1
Displaying information

Sending infrared ray
Indoor unit shape
|indoor machine color
Accumulating water
Draining
Sending water
Remember settings
Receive operation input
Learn from usage
(Operation Lock
Perceive people
Protecting the aircraft
Receiving radio waves.
Learning from the use environment
Sending a radio wave
Measuring the time
Measuring temperature
Measuring the temperature
Sending refrigerant
Transmitting control signal
Accumulating refrigerant
(Changing display brightness
(Compressing refrigerant
the flow rate of the
Displaying information
Changing rotary motion to translational motion
Saving dust
Removing dust
Changing electric power to rotational motion
Adsorbing suspended matter
(Capturing air
llluminate the streamer
Changing electric power to rotary motion
(Capturing air
Changing electric power to rotational motion

Changing rotational motion to i motion

(Changing electric power to rotational motion 1
Changing rotational motion to ional motion

[I_Receiving Infrared

Sending infrared ray 1

Condensing refrigerant 1

Measuring the temperature
Evaporate refrigerant
Changing air to wind

ing the
Sending refrigerant 1
Sending moisture
Changing air to wind
Absorbing moisture
Measuring humidity of captured outside air
Measuring the temperature of captured outside air
Adsorbing floating substances.
(Changing electric power to rotational motion 1
(Changing the direction of the wind
(Changing the direction of the wind
Changing the direction of the wind
Changing the direction of the wind
Changing the direction of the wind
Distribute the wind to the left and right
(Changing electric power to rotary motion 1
 Transmitting electricity
(Changing power to rotational motion
Changing power to rotational motion
Changing electric power to rotary motion
(Changing electric power to rotational motion
Decrease the temperature and pressure of the refrigerant
(Changing air to wind

Measuring the temperature

Sendinging refrigerant 1

Evaporating refrigerant 1
Condensing the refrigerant 1

'Sendinging refrigerant
Measuring temperature
Measuring humidity
humidity
a current time

cold tolerance

Increasing
'Eeducing friction between parts
Outputting audio 1
Measuring the temperature
Measuring power consumption
Optimizing defrosting interval
Receiving operation input

Fig. 4.12 Physical functions DSM clustering result of the air conditioner [left half part].
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Fig. 4.12 Physical functions DSM clustering result of the air conditioner [right half part].
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Internal electric equipment / control section

Wireless LAN adapter
Front bottom panel

Indoor temperature / humidity sensor
[Sensor

[filter
Wind direction board motor

Blowout port unit
[Sub flap motor

[Sub flap
Inner fan motor unit

[Cleaning motor unit
[Operation lamp panel

brush
[Cleaning motor unit

Flap motor
[Wind direction board

Louver motor unit
Inner unit
[Temperature sensor
Run / stop button

Louver motor unit
Louver unit

Dust box guide
Dust box

Dust box guide
[flap

[filter
Filter guide

Dust box

brush
Louver unit

Dust filter

Receiving Infrared
Displaying information
Sending infrared ray 1
Indoor unit shape
Indoor machine color
[Accumulating water
Draining

Sending water
Remember settings 1
Receive operation input
Learn from usage 1
Operation Lock
Perceive people 1
Protecting the aircraft 1
Receiving radio waves
Learning from the use environment 1
Sending a radio wave 1
Measuring the time 1
Measuring temperature
Measuring the temperature 1
Sending refrigerant
Transmitting control signal 1
[Accumulating refrigerant
Changing display brightness 1
Compressing refrigerant

Instructing the flow rate adjustment of the refrigerant
Displaying information 1
Changing rotary motion to translational motion 11 1 11 111

Saving dust 1 1

Removing dust 1 1 H
(Changing electric power to rotational motion 1(1

[Adsorbing suspended matter 1 111
Capturing air
llluminate the streamer 1 I

Changing electric power to rotary motion
Capturing air
Changing electric power to rotational motion 1
Changing rotational motion to translational motion 1
Changing electric power to rotational motion 1

Changing rotational motion to translational motion 1

Receiving Infrared 1
Sending infrared ray

Condensing refrigerant

Measuring the temperature

Evaporate refrigerant

Changing air to wind

Measuring the temperature

Sending refrigerant

Sending moisture

Changing air to wind

|Absorbing moisture

Measuring humidity of captured outside air
Measuring the temperature of captured outside air
|Adsorbing floating substances

Changing electric power to rotational motion 1

Changing the direction of the wind 1 1
Changing the direction of the wind 1 1

Changing the direction of the wind 11 1 1 11
Changing the direction of the wind 1 1 1
Changing the direction of the wind 1 1
Distribute the wind to the left and right 1 1 1
Changing electric power to rotary motion
Transmitting electricity 1
Changing power to rotational motion
Changing power to rotational motion 1
Changing electric power to rotary motion 1
(Changing electric power to rotational motion 1
Decrease the temperature and pressure of the refrigerant
Changing air to wind

Measuring the temperature

Sendinging refrigerant

Evaporating refrigerant

Condensing the refrigerant

Sendinging i
Measuring temperature 1
Measuring humidity
Measuring humidity 1
Recognizing a current time 1
Increasing cold tolerance 1
Increasing hydrophilicity
Reducing friction between parts
Outputting audio

Measuring the temperature
Measuring power consumption 1
'W izing defrosting interval

|Receiving operation input 1

Fig. 4.13 Functions—structure DMM clustering result of the air conditioner [left half part].
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Fig. 4.13 Functions—structure DMM clustering result of the air conditioner [right half part].
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Fig. 4.14 Entity structure DSM clustering result of the air conditioner [left half part].
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Fig. 4.14 Entity structure DSM clustering result of the air conditioner [right half part].



106 488 T —% T 7 F ¢ B OMNT TR AOE b 2 0fEhE

°
3
S
3
2
®
£
2
[
)

rection board to the outlet unit

e the operation button on the operation lamp panel

e the sensor on the operation lamp panel

e the wireless LAN adapter to the electric unit

e the floor surface temperature sensor to the operation lamp panel

e the auxiliary flap to the blowout port unit
e the speaker on the operation lamp panel

e the wind

[Screw the wind direction board motor to the blowout port unit

|Assemb

|Assemble the indoor temperature sensor to the dust box guide

[Screw the dust box guide to the filter guide
[Screw the auxiliary flap motor to the blowout port unit

[Screw the louver unit to the outlet unit
Screw the louver motor unit to the blowout port unit
[Screw the louver motor unit to the blowout port unit

[Screw the cleaning motor unit to the dust box guide
|JAssemble the flap on the blowout port unit

[Screw the dust box guide to the filter guide
|Assemble the filter on the filter guide
JAssemble the filter on the filter guide

|Assemble the brush to the dust box

[Screw the cleaning motor unit to the dust box guide
|Assemble the brush to the dust box

JAssemble the dust box to the dust box guide
JAssemble the dust box to the dust box guide
[Screw the flap motor to the air outlet unit
[Screw the louver unit to the outlet unit
JAssemble the inner unit to the blowout port unit

|Attach dust removal

|Assemb
|Assemb
|Assembl
|Assemb
|Assemb

JAssemb

[fiter
Dust box guide
Indoor temperature / humidity sensor il E
filter -1

Dust filter =il

Filter guide 1111 1

Dust box 11 -1
brush =i

Cleaning motor unit -1

Cleaning motor unit -1 -1
brush =il
Dust box guide 11 1

Dust box il il
Flap motor ‘ ] 1
Louver motor unit -1

flap -1

Louver unit -1 1

Wind direction board motor 11
Blowout port unit 11111111111
Sub flap motor -1 1
Sub flap -1
Louver motor unit -1

Louver unit -1 1

Wind direction board -1
Inner unit -1

Internal electric unit / control section 1
Wireless LAN adapter D -1
Front bottom panel

Sensor -1

[ Temperature sensor -1
Run / stop button -1
Operation lamp panel 11 11
Inner fan motor unit
Outdoor temperaturesensor
Speaker =
Sirocco fan

Internal heat exchanger

Lower suction panel

Suction pipe / discharge pipe cover
Internal heat exchange thermistor
Heat exchanger cover

Left side plate

Drain pan / bottom frame

Lower suction motor

Right side plate

[Tongue part

Sensor

Hose

Air filter

Air duct

Fan motor

Fan

Outer unit

Drain hose

Front panel

Inside side panel (left)

Electric unit cover

Inside side panel (right)

Bottom panel

Rear Panel

Suction pipe thermistor

Gas pipe

Suction pipe

A compressor

Inverter - external electric unit

Four way valve

Discharge tube thermistor
Discharge pipe

Outer motor

Outside heat exchanger thermistor
Outer fan

Liquid pipe

External heat exchanger
Expansion valve

Motor mounting plate

Remote controller

Outer top plate

Partition plate

Outer chassis

Outside side panel (right)

Outside side panel (left)

Outer rear panel

Outer blowing grill

Outside drain pan

Fig. 4.15 Structure—assembly DMM partitioning result of the air conditioner [left half part].
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Screw the dust box guide to the filter guide

ttach dust removal filters to the filter guide
IAssemble the filter on the filter guide

iring in the filter guide

[Assemble the dust box to the dust box guide
[Screw the wind direction board motor to the blowout port unit

Assemble the indoor temperature sensor to the dust box guide
[Assemble the wind direction board to the outlet unit
[Assemble the auxiliary flap to the blowout port unit

IScrew the dust box guide to the filter guide
Screw the auxiliary flap motor to the blowout port unit

[Screw the louver unit to the outlet unit
[Screw the louver motor unit to the blowout port unit

[Screw the louver motor unit to the blowout port unit
[Assemble the flap on the blowout port unit

[Screw the cleaning motor unit to the dust box guide

Assemble the filter on the filter guide

[Assemble the brush to the dust box

[Screw the cleaning motor unit to the dust box guide
Assemble the brush to the dust box

[Assemble the dust box to the dust box guide
[Screw the flap motor to the air outlet unit

[Screw the louver unit to the outlet unit

[Assemble the inner unit to the blowout port unit

Attach dust removal filters to the filter guide

Screw the dust box guide to the filter guide

[Assemble the filter on the filter guide

[Assemble the filter on the filter guide

[Assemble the brush to the dust box

[Assemble the indoor temperature sensor to the dust box guide

Screw the dust box guide to the filter guide

Screw the cleaning motor unit to the dust box guide

Screw the cleaning motor unit to the dust box guide

[Assemble the brush to the dust box

[Assemble the dust box to the dust box guide

\Wiring in the filter guide

[Assemble the dust box to the dust box guide

Screw the auxiliary flap motor to the blowout port unit

Screw the louver unit to the outlet unit

Screw the flap motor to the air outlet unit

Screw the louver unit to the outlet unit

[Assemble the inner unit to the blowout port unit

Screw the louver motor unit to the blowout port unit

Screw the louver motor unit to the blowout port unit

[Assemble the flap on the blowout port unit

Screw the wind direction board motor to the blowout port unit

[Assemble the wind direction board to the outlet unit

[Assemble the auxiliary flap to the blowout port unit

[Assemble the operation button on the operation lamp panel

[Assemble the sensor on the operation lamp panel

[Assemble the wireless LAN adapter to the electric unit

[Assemble the speaker on the operation lamp panel

[Assemble the floor surface temperature sensor to the operation lamp panel
[Assemble the operation lamp panel on the front lower panel

Screw the left side plate to the heat exchanger

[Assemble the tongue part to the bottom frame

Suck down the blowout port unit and cover the panel motor

[Assemble the sirocco fan to the bottom frame

Fit the fan motor unit to the sirocco fan

Screw the right side plate to the bottom frame

Screw the heat exchanger to the bottom frame

[Assemble the air filter to the duct

[Assemble the air supply duct to the bottom frame

\Wiring in the outlet unit 1 111
[Assemble the blowout port unit to the bottom frame 111111
[Assemble the sensor to the duct

Screw the front lower panel to the bottom frame
Screw the filter guide to the bottom frame 1 111 11 1
[Assemble the heat exchanger cover on the right side plate
[Assemble the outside air temperature sensor to the electric unit
Screw the electric components to the bottom frame

[Assemble the heat exchanger thermistor to the electric unit
[Assembling the lower suction panel motor to the electric unit
[Assemble the flap motor to the electric unit 1
[Assemble the wind direction board motor to the electric unit 1
[Assemble the fan motor unit to the electric unit
[Assemble the operation lamp panel to the electric unit
[Assemble the cleaning motor unit to the electric unit 1
[Assemble the cleaning motor unit to the electric unit 1
[Assemble the indoor temperature sensor to the electric unit 1
[Assemble the inner unit to the electric unit 1
[Assemble the auxiliary flap motor to the electric unit 1
[Assemble the louver motor unit to the electric unit 1
[Assemble the temperature / humidity sensor to electric unit
[Assemble the louver motor unit to the electric unit 1

[Assemble the suction pipe / discharge pipe cover to the bottom frame
Insert the heat i in the heat

Attach the lower suction panel to the bottom frame

Screw the drain hose to the bottom frame

[Assemble the bottom panel to the bottom frame

Screw the right side panel to the right side plate

[Assemble the rear panel to the bottom frame

Screw the left side panel to the left side plate

Screw the electric unit cover to the right side panel

[Assemble the front panel to the side panel 1 1 1 1

Fig. 4.16 Assembly process DSM partitioning result of the air conditioner [left half part].
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53 BBETILZAHAWVETSY b4 —LKEEET

531 BHRETIDEADEERL TOEEX

BEE DR DYEREN S H D56, BRMEEHHT2DITIX NS OMEEEZ T X CTEE
LoDl 21T 5 MENRH H DS, T D ZaRE O B CHIMICEIE T 5 2 L IXREE T
B, ZAUTK L CER, REFOMAERRGT - BESRXGHBRE ) & rTRE 7R ak G SR Tk &
LTIDCAEL W) a7 bR SN TET5 . IDCAE Ti, ket fid
LOBWS U IIVIRETIVTCRELL, WHET ALY Ial—ralREZHWLIZ L Lo

TREte A2 %Wﬁk?ékwotiﬁﬂ%%énfwé Z D 1IDCAED L 92, &ito
BT, MR OMEECIEREO K E 0 AR E 2 72 BT, REEEDD Z LT, &
%@%%k%%%ﬁ%@@%:%ﬁ?ék%z%hé INERE XA TIE, 7Ty
F7ﬁ~A$§KﬁWT%ﬁ%@%iﬁ%ﬁﬂb,@m@%@ LI EAL Y MR L L7e T
IVERERT HZ LT X %%®@%®@ﬁ%%ﬁbffﬁyF7f—Aaﬁ%ﬁ9

7Ty N7 A —ARFICE LEESET VI, TRO LD 2FIHICH > THEETS. T
FALFNEKRENRTA RTA4 2 THY, ZOIEERSK 7 1 XTI 5 BAEONE TR
TEICHEEEE - AR LD AICEE SNV,

1. ®WEOH TR Z L OFIEN KD LN L HEROER 2R/ ET 5.

2. EP R R/IME 2 ZR T HPERETEH 2 FFE 5.
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3. 2. THHE LI-MEREH B IS B Z 5 2 D EL X DRGINT A —H 2 RET 5.

4. 1.6 3. ZEE 2729 2T, RERBRORERFI AT A—2 %, RS XE b0 L
TTy b7 =L LTHIEE T NE b DO IRET D,

5. LEDSMD S & T, 2. THRIE L7-MEREIHH OMEREME & 3. TREE Lo T A—F L
DR EERS 5.

FR3 I Ty b7 — bR RS O R HET 5 BERIREHEA TH
D, TOWREICEH L CIXEEIITILERSD. ZOBEOBEXHTOHTA K74 LT,
Gaoetal® &, B OHEF « & - BN T « N7 - H— M - BEAR L OBLE L, 7
Ty R T4 —ALE LTHE b T RENRNTA—FEZFTIRT HBEOEMEL T 5 L 2R E L
TW5D., F25.1220TE, 2.3, TEXTZEEARRGH T A —F 2R ELE O
7R IR DN TR B E L2 0, G877 A — 2 M OMBEBERE S 2720
DT LK, RERFOHENMTX DREICHHERAERO T2 EXD.

532 F3v b4 —LRERHEOHEET IV

234HTDH AL A B = a &t ) ZREMEGIGT 277 v b7 4 — L0k
REBEICOWT ORI AR E 2, WRAZ~A B — a0 &) SRR T 2
7 v N7 — SEERGEOER L 2T O 720l, ik S 25 LR 2 BARr
BREGEZIRET D7 T v b7 4 — ARECOBEAIEE IOV TOSHT 2 LU TT 9
B I TORIET IV, FATHIE CORERG OB 2 )7 OO 2 ik e Lo, fE3]
R OGN B iR & L TERME SN DHAIT OV T A OREEZAT 5.

(1) BB ERERICR T D ExEERET

7Ty P 7 — AORERGEEZw CHIH2Y, ETHLEHNELR ONEX (=
1,2,---,n) 23H DFFEDERAER p 1% L TREF SN D GBI OV T ORI LR EHR B A
FEAHE, UToXoIclEriRsns.

find X
that minimizes f = (f1(X,p,), -, fn(X, P)) (5.1)
subject to x; € Feasiblép;) |

under the given p,
ZITX IR PR OHDNEERTHREIEL, IR R EoR/MET & B
A AL HE, Feasibldp,) (3 py (2 & - THIBR S V72 EAT Al REdEZ BT 5. ®anick LT
B O EEEPFET 2 HARBITI Z O X 5 ICZ BRRELIIEE 720, ZOFETIE
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g={11}

+ 117

RIEPRETHD. £2T, ABIFETIE, HEEOBMEZOTD 1o fi(x, py) ITEHR L,
Zofho BB fix,p) (1=1,2,-- k=1L k+1,---) IFHRSME fix,p) <& &T52
LT, ZHMRE(CIIEE B OB OSSR E T 2 HIEERD Z 21T, 2o
HA, MEITKRO XS el — BB S 72 5.

find X
that minimizes fx(xi, p;)
subject to x; € Feasiblép;) (5.2)
fix,p)<g (I1=12--- k=1 k+1,---)
under the given p;, g

QEBE—TZv b7+ —LEEHEDER

WIZ, EEFIEOT 7 v N7+ — 2Ot 21T O E LT, bHERHAERp %
52T, HHIEE X Db & CREE Z & OEBIFHEEE 5 xS & Rl iHE T 5 2 Lk
DRI T 256842525, TOERILIFLL T L 972 5.

find x5
that minimizes i (X°, %%, p)
subject to (X%, x°) € Feasiblép) (5.3)
fi(x%,x%,p) < &

under the given p,x% g

—J7, ®DERAMER pITH LT, BRI EERBIFHEEER 7 x° D% 2 2 (5. 3) TR Fi
BTEHZ Lzl LT, @iy X 2RGH T 2MBITL To L 5 IcE b TE 5.

find x°
that minimizes @in?k(xs,xc, p) (5.4)
under the given p
7272 L HROBEIHE D mxisn ?k(xs,xc, p) (FX(BI)NFEATARETH 555G D, K (5 )T & % i
EaRT. ZhbzEiEx TEOZERE p e RICK L TH 5 @iy 2 ikG 14 5 MiE
IFUTDOX 125,
find x°
. . . . ~ S
that minimizes prgg%mxlsn fL .G, X°, p) (5.5)

under the given R
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RVEHT T Y b7+ —LERFHBEDOERL

Rz, &% IEENC TR, JREOLER (=1, ) 2O S HAEIH
WCHITEO RER A 2 2 5. ORI (5.5) 1T 5 2 LIt koT, LFO
% HEREILEE Y L CERIb &N D,

find [chzjch7 . ’chT]T
- - . - . ~ S C
that minimizes prgg%_njﬂﬂ{mxlsn fie (%5, X5, p)}} (5.6)
under the given R

ZOBEMBEEIE, HOERMAER pITK L TRED T T v M7 4 — LI DWW TR & 1T
VY, U E VS SNDERIEG O 5 BN R D EESEWVHDIZER L, $XTOHE
RAERDOHIPH RIZOWTRERD Z & 2170, il 2 DELRAARIZ DOV THRED & b i WO L,
D D HARFREPFIZOW TR & TR R IRV OMERE A i B &3 5 Faiifb & 7R
LTW5.

5.3.3 REILFARICHEITHEH

7Ty b7 — b0k e EE XYL L2 (5.6)1%, ZEHOI= - v v 7 A
EEUEMERLOTHY, 51T, BEOERMEOHF TH D ROVEFZEMTH LT~
O, ZOEFE TIIREFAEPRETHD. 2D, FTERARROHHRZ, NED
RERDOEEG R= p,Po,---, Py (CEZHZ, Z0Db & TLTOMM S ki bz
RS 2L &9 5.

find [chTvxch’ . ’XJCT]T

a=1-N [j=12-, :
under the given p;, po, -+, P

that minimizes max[ min J{rr)l(lnfk(xs,x‘?, pq)}} (5.7)

$7-, FROREERIEORIIZBNTIE, 75 v b7+ — ORI A FEE L TT
SLr¥D.
5.4 EEXRASHERAORY FOTSY M T +—LER~DEA

R L7 T v N7 A — AEERHEDNENTH D Z L E2HIRT H72DIZ, EITMND
FlEfis, —“HEARARy F2flEE L CTFEOEAZITH.
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541 EXHA=EHEXORY FOBESETILOERK

ABIEOX G LT 2 OB LICHW DI D EER =8 m A > M, SR
BESLT7 L—LA0OA b —7 AL ERDEEN 2R v O RIS L T 5 4%
ERDLHTD, BRI EICRRDERITINZAD ZENRRDLENDIBLTHD. T
CRARERIIME R, TERY) OB BN kB X ONERIIR S OAL B IR DRSO b, HKE
&R A Z0F/METH D, ZHHERZ R A Y SO S BBRENEE « (@R DR - B IAE
B BIRY A ROMERRICKRELS Bbo TV AENIE, E—4BLU0E 7L —AThHS. £
DIz, ZNHEFRLIR LB EETHEEZEEICT 22 ENRDLND. —F, 71—
LA ORI X L 2 ) S D BRI 7V~AL%W@¢6% YTH DI, HmikE
1T Th 7 L— A LOBSH 5 ORNE OMERE~O BTN S V. £ 206 OFEIEF]
BEELTHY, T — AL L THEOE LT W&o TN D, Lic- T
WEEIT) &, BECEERENTRT L AT AL OEEOHIRIC L 272N 5.
EoTCZOMIT2 6B T HREHLOTH DL B2 HNDL. ZNLOENIE, 7
L— A FAREET A AT, 7L —A0MHEBRE BTS2 Lok,
Hodmb 2D S Z ENFRETH D, 7 L—LAOWEIR A ST 5 Z s TE S,
7L — L EET HREOSMOMBEAWO T Z LN TE, ®HiEa X FOHIEIZ H DR 5.
UbEXy, 7V—20WHEERE 7Ty b7 r—AE L, TORESITEFERIEC TR
flcEsrZ & &9 5.

UEOFEMEOL LT, ZHERZRR Y hOT T v b7 4 —A&FHIB W TEE T &M
REOFEMfEE A ST 5. B e Ry ME, HE R O R R bR L OBIRE & & 5%
%#4f®%¢mﬁ*@%m<wét@,:m%®*5%ﬁﬂm%@ﬁﬁgf%é.%§
BRI T — 2RISR RN TR T A 2 & L7 5. —HhEAR AR Yy M7
L— AOMAEETHR SN TWDTZD, ZTROEIRMICRICEZ L TRIATHZ N
TELHZEnb, K510 K9 IZHHR PG CREL LFFIER 2R, FTHlEE L 3 5.
BAREIZ 17Vwb$7v%b®aii““ﬁﬁikbfﬁw T FFE LG0T
RSN TVWORET L—LAEBLEPWEICES R TEZXD. £, BT7L—L20%

TEAZBE LTI wﬁﬂi%“@%@ﬂﬁ%Wﬁ@,ﬁﬁ7V—A@ﬁ@LD%%K5_EE
T5. £, BAREREOR/IMUIZE Y & DRREHE DR « IR A1 XOF/MEEITX
HHDEBZ INEFHEEE S T5. &b, MAEAHEHEA L T 2 KRGO R 21T
) T8

o K7 L—LAXREFEWmOPEMIELET S
o HifT7 L — AWrE IR DML it - #i=3: 2 CEE LT 5

o BMAF T — L OWEIZIES I L T2
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X
Vertical frame y:/ Traverse /f;_amei
z 4

X
x :Traverse direction /, N
Junction y :Vertical direction,” 7

/ I Z :Kick direction ,x, 4/ »

-~ .
’ Vertical frame

Kick frame’_[g-

, / : Modeling
- Traverse frame

¥ = . Interpret as
with beams

gaﬁcentrated load W
Industrial three-axis linear-type robot NI

: Interpret its own weight as
1 uniformly distributed load w

Fig. 5.1 Model of the three-axis linear-type robot.

o Rt ONT-DEHE T L HAHEZ IXWHT S
o B EEIIT— X DLAEEZET S
o E—HEHmMITIT L —LEOEENLHEFGMIRD D

Vo R EEL.

542 EFERA=#MEXORY FOTTy I+ —LRBEHRGHETIV

AIEOM S TT V&2 AV TRELHED O DT NV EHET 5. fiEOETTLOL &
TIE, AT 7 L—2Wm o & S hymm], 5137 b— AR O & S hy[mm], 17
bo[mm], F-FE7 — AWrEH O @ S hg[mm] OA L7 5. iz, BiEOEMICESE, HEDE
RAAR A EMEE mplkg] &5 7 L— L DK E Lifmm], Lyimm], Lsmm] & LTEZ 5.
H BB BRI O [ 77— L SESE O FRIAENLT X 2 B ENFRRE de = de(mp, L1, Lo, L3),
SR A B s D[R EERE oy = dr (mp, L1, Lo, L3), FEIAEE M = M(mp, Ly, Lo, L) Dfe/IME &
T 50, ZORMBEITZ ENEELEE 72 5. IR - mEICBET 2HI0EEEZ 525 &,
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Upper bound
i8]
E /
|7 S .
L et et et e
53 N e R N e Platform 1
Platform 2 ==
Platform 3 ——
Mumal’  Mpaxd® Mpax1© Mma’’  Mpax2© M a1
m p m »

Fig. 5.2 Optimality relationship among three objectiids d. andd; over a set of platforms

ZHEAZ v ARy b OERBIRLL O RGBT T O Lo icER b .

find hg, hy, hg, by
that minimizes M
and minimizes d.
and minimizes d;
subject to 1006< h; <350 100< hy < 300
50< hz < 300 50< b, <300

03< 04

(5.8)

under the given my,L1,Lo,L3,04

22T ol TEW AR L CW SR THET —ACAE T 2R KROGRISTITHY, o
X DHFHICTITHS.

wiz, A (5.2) LRk, X (5.9) % H—HYOREME~ L RE ST 5. BIEANE
BUTER IR D F- [ 7 — L ebm ORI AN K 2B EEERE de = de(mp, L1, Lo, L3), &
e BA Jiciy o [RIEEHE oy = dy (mp, La, Lo, L3), BEIAEEE M =M(mp, L1, Lo, Lg) Dig/IMb e LT
Wb, TTy N7 — AEEEREERT A 2 L CRERGTE BT oL 2 e T L, &
WS < 72 DIT LT o THEEORIPERS /NS 72D, DEVBEAEEM BN/ hEL< 252
EDREFELV. L, BEEBRILTESE ML— RAT7ORBRIZE D EIES /NS < 72
D&Y — LD de,df BWRELRHOTLED. ZZTHEHEMDOT T v 74—
LRt L, W E R my OERFEH AR T L EDEKT Ty P T+ —LDM & dg,d
DOEMREEZEZ DL, WHEOBRITIIRENCK 52D L )2/ b L FHREIND DT,
DEKRMEIZHNEZ 2 D &, de,d ZRERIIBIRTHDREY—(L L OOWEEREM O
BMEPITZDbDEEZD. £oT, do,d ITHRKHIIZ G52 THIFIZRMFIZLT, BRY
BEIIRAERE M Of/Mbo A L L, REZE—HNOREE~EIRESED. L
Iz kX (B9 IFKD K 5 2B H R LA~ RET 5.
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find h]_, hz, h3, b2

that minimizes M

subject to d. < d.* d <d*
100< h; <350 100< h, <300 (5.9)
50< hz < 300 50 < by < 300
03 < 0y

under the given mp,Ll,Lz,Lg,aa,dc*,dr*

WIZ—HEOERFEPH RZW 727 &L 0 ICH— @i 2345t 2 2L 252 5. AHIET
I, EREES & T L— AR S OBESRE lR%ﬁt#io [C=HHEAZ Ry D 35D 7 L—
LA(RRIT7 L—2 57 L— L FJET7 —24) oWk Z2 e LT, ZoWrmkoiz >
Ty h7x—nbE UCTHBbT 5. 207w, REETIHERFIESR ST, £710—
L OE hy, g, hg, by 3T _XTHG@EE 3 & 70 0, — O ZREFH RICK L CH@ED 7 L—
AT S, ot sl bt ZRREH T D 2 L e D, X5, LREOWE CEREH 2§ CTi7-
FTToOIIE, EREINDHKROERWE R L %7 L— LRSI TR & i b
LVEND L. TG, BOREFRICIT 2 EEE EORKE Mpax &7 L— LRI D
KAEZ Lmaxt, Lmase, Lmasg &35 &, 2D & & D Mp = Mmax L1 = Lmax, L2 = Lmae, L3 = Lmag
[R5 h® ot el bt 2sRD D Z L1t D, SBHIZZDEE, BEAKEEM oMb
EZDHE, BEAEEMIE, Li=Lnatl2=Llnae,Lla=Lmag D& /KR ERD Z EITHN
Thod. ZOLXOBEKERLY Mnax &7 5 &, Wi bt 5 T CToOMEBIR G O
IHAREENRROLDZHR/IMET D E WD) ZEI1E, MnaxZi/IMET 5 2 & 2 &k
5. &5, Li=Llmatlo=Lmag,La=Lmag P & & de,dr IR ERDZEHLHAWATH S
72, TOLED A, dr ZFAEI demax Ormax £ 75 &, Z D demayx Ormax (2% L CHilkI %
Hz25E, ZOR—TF v 74— L LRSI D T T OMEBIRLG 2 HIFI St 2 5l 72
T LIRS, Lo T, —HEOBERHHR AT X 0 ICH —0H@E 0 he€ hyot, hs, byt

EREPT ORI To Lo icERbsins.

find h1C7hzc,h3C,b2C
that minimizes Mmax

subject to demax< dc* Ormax < d;*
100< h® <350 100< hy® < 300 (5.10)
50 < h§ <300 50 < by < 300
03 < Oa

under the given Mmax Lmaxt; Lmae, Lmaxg; Oa, dc*, dr ™ )

®EBIZ, SO 7 v 74— LT HOBERHFHFH REZWM-T 252D, ZO%HA,
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JFEDLEEE Sy hyjC, hyi® hai® by (j=1,2,--- J) &RET B L1025, SHELn Ry
MER KR ATHE BIC &L AKX S SND DT, ERYOE BOERFEH IR T &
DX INCET Ty T — A THEMT DEROEET 2205 K AL & Mnax® ZRET
DUBERHD. LIER>T, &7 T v N7 4 —LOR K APRE R Mnax £ bt A%I8
ML, Muax IFERSNDERMEEORKRETEE L, MDO7 T v b7 3 —LOFHKH]
P R Minax € 2% Mnin < Mmax £ < Mmax1® PHEFAICH LD LT L. DX REMFDD
&, BRDT Ty N7+ — NGRS N DR D R KE R Mnax j 2L, £ OED K
RTHDLT T v b7 4 —LD Mmax j Zhe/IMET 2 &9 IRk 217 5

ULXY, IFBOT 7y b7+ — L&kt 2-ERIERFRIEITLL T 0 X 5 icEsik
SND. feds, ZIZTO Sy hgi® g 1 (B.A0)DFIK ZT = F b D LT 5. KTz,

> — —

Lmaxtj, Lmaej; Lmag) %77 > b7+ —LIBTFH7 —LDRRKES LT 5.

find  (h11% h21% h31%,b21%), -+, (h1s®, .2y, has®, b2s®), Mmae®, - -, Mmaxd

that minimizes 1r£1axJMmaXJ
J: 9Ey "ty

subject t0 Mmin < (Mmax®, -, Mmaxd”) < Mnax®

under the given Mmin, Mnaxi® (Lmaxi1; Lmae1; Lmaa1)s -, (Lmaxtd, Lmases, Lmaxas)

(5.11)

543 m#EILETERR

SHhERRR Yy hOT Ty N T — AEREIEOFHEEZITOICH > TE, FREEEE L
T Mmin = 5[Kg], Mmax® = 25(kg], dc* = 0.3[mm], d;* = 0.2[mm] & 5%, & OFiPH % k& T-IR
WCEE L7 8x4 D 32 HICEEHZ D, X7 Ty M7 4 —AIBITAHT —LDEKE ST
FHET — 2 DD HIERKRFIE & Mnax© IR CTUTO LI ITRESNDI D ET D,

Lmaxtj = 0.2491(Minax%)® — 15.43(Mpax ©)? 4 665 5Mmax ° (5.12)
Lmaxj = 36Mmaxj” +1215 (5.13)
Lmagj = 5033(Mmax%)* 4% (5.14)

T2, TT v R T A —AORFELT O OIIE, BIETE W RGER AT T LR Z ORI
Lo TS 3ODFHIEEDM, THEHD T Ty M7+ —LDHEED T, EIUTX
HEE ~DOE BT A LERH S, 2T, 77 v b7+ —LOFEKIITHONT
13J=1,2,30 35088 %E %, TNFHICH L TEDRD FiETRELAZITY). Zhbd
idfeiE, OPTIMUS Ver.10.9) |2 X 5517 L 2 ) X L% % HIICHEsE L 7= NSGA-II
(Non-dominated Sorting Genetic Algorithm®Y % f v CRRE LB Z BME L T17 9.
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UEDOZGHEDS &, BIEOGEICEIYD T Ty N7+ — LORELHEEZITo iR %
X 5.3~X 5.5/2/rF. X153 (@) (b), (C)IFZENTNT T v F 74— LFEEI=1,2,3D
LA OWT, B ERE My & 7 L — AR X Ly, Lo, Ls OAFHE L O ZRAEZ S
&0 B EORAARICK L COMEER M 2 =Rt TR LI D TH D, FERIC
%] 5.4 [T B AR O F-Fe 7 — LS OB E R dr &, X 5.5 ITEIMIIERE O F- T —
L OBE R O 27T v b7 — L I=1~3 DA IOV TURL TS, £5.1
FINOLORREE LD LD THD.

544 #&%¥

M 53273 T 77y N7+ — AN 1FEEOSEA (5.3 () & 2FEHOSLA (X 5.3 (b))%
m@#%&,%%fﬁfﬁy%7¢—A1Kiof¢Nf®Eﬁ%ﬁtﬂmbfwéﬁ,
BETET Ty b 74— LN 22 L1k, EREENSBROEHEICBWT
TTy N7 =L 2BRIET DI o TS, EHIC 75y%7¢wAﬁ3@ﬁ®%9
(M53@C)&R5E, X0ERMEESRNEEICBNTT Iy b7+ — A 30575
il o T, [X54, KE55IZBWTHERROBENALND. 2N b DFERNG S
225 KO Wi RS L FREORE Y, EEWICHS ATRE AW CERREMIC L XS LTS
Z DD, E R FIE TIERMESLELL FICE <, MIEEESBEIZE N E VD,

WRIFRFDAETCTND DD, ZFOWMFERKGD, 5.42HTEXL DI, Wik
FEERLT ZLIZRD de,d DEREMIZEH— LI, fEShTnDEnz s, 2k
v, BRIBETH 72 do,de ZHISRMEE L2 L3R Y THoTEE XD, BrEBIRD
IS DI L7ed»C, WERREDBEI DL LEBIL, 7Ty P 7+ —LNnbR
B S 41 2 AR OBIRE ES AIICR (L SN D720, 2R TORTEEDOIMS RiA E

5. —hT, 77y 74— AOMELECT L, 7 L—AORIEICE T 28 OFEE
DOHENAEEEHE O EIC KV AEFE I A SRR THEVWIRERHD. 77 v b
T —LAREHTIE, EROXS 7 N — R TBMREBE LN, 7Ty N7+ —LD
R A RET DLERDD.

UEDXIZ, 7Ty b7+ —LOREEBEMNTHIZLEZN-T, 77 M 74 —24
BRI SN DO KT, MERRGTZEO T L & I, BEERPRIMELR KL
ZROHLEREEBEOKEL A EL T ZENZOBENOHRTHENTES. Zh
XV, BELEZFEICLY, 77y M7+ —ARKEHIBIT S b L— N4 7BHROME % &
EUICH RS TWS EE2 5.

7Ty N7 A —AFFHIH WA EET ML, ®MGOBREZIEFITHBICRLIZBOT
BV, ZLOWEEEANT H8, FFEOMIITENELTVWD LD EZx LS.
M OPEREDE 72 & & BT VNIRRT 5 7-0121F, Z0#EE D RNE LT HHLEN
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Platform 1

1500
1200

900

Mikel oo

300

7000

(a) Single platform result.

Platform 1
Platform 2

1500
1200

900

MTkel 600

300

(b) Two platforms result.

Platform 1
Platform 2
Platform 3

1500
1200
900
MTke] 600

300

7000
6000

16 g 2
m, [ke] 22 24 55 2000
(c) Three platforms result.

Fig. 5.3 Weight of robots’ body with optimal platforms.
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— Platform 1
3.0
25
2.0
dr [mm] 5
1.0
05
0.0
7000
6000
2
8 10 L [mm]
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k] T 3000
p X8 22 25 5 2000
(a) Single platform result.
———  Platform 1
~———————  Platform 2
30
25 +
20 +
d,mm] 5 |
1.0 ——
05 - /:;;::?3”
00
7000
6000
2
8 10 12 5 4000 L [mm]
lke] 18 35 3000
p k& 22 24 5272000
(b) Two platforms result.
———  Platform 1
—————  Platform 2
Platform 3
3.0
25
2.0
d.[mm] 5
1.0
05
0.0
7000
2

3000

16
18
mp [kel 2022 375 2000

(c) Three platforms result.

Fig. 5.4 Displacement of the vertical flame head at the product release point with optimal

platforms.
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Platform 1

d,.[mm]

c

7000

10
12 L [mm
14 3000 [mm]

18 59
2 24 26 2000

(a) Single platform result.

Platform 1
Platform 2

d. [mm]

7000

26 2000

(b) Two platforms result.

Platform 1
————  Platform 2
Platform 3

d [mm] O

c

0.5
0.0

7000

6000

8
10 1o

L [mm]

18 55 3000
m, [kg] 2 5 S5 2000

(c) Three platforms result.

Fig. 5.5 Displacement of the vertical flame head at the product catch point with optimal

platforms.
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Table. 5.1 Comparison of three cases by the contents of optimally designed platforms

Number of platforms 1 2 3

hy [mm] | 276 275 275

h, [mm] | 184 182 184
Platform 1 hs [mMm] | 51.9 50.0 50.0
b, [mm] | 50.2 50.0 50.0
Mnax  [KQ] 25.0 25.0 25.0

3 hy [mm] | — 241 248
% ho [mm] — 130 169
Z | Platform2 h;  [mm] | — 50.0 89.2
z b [mm] | — 619 50.0
- Mnax  [kg] | — 8.84 14.9
hy [mm] — — 159

h, [mm] — — 104

Platform 3 hs [mm] — — 564

b [mm] — — 50.0

Mmax  [kg] — — 5.00
Mmax [kg] | 1342 1329 1334
Platform 1 dr max [mm] | 2.70 2.72 2.7Q
g de max [mm] | 1.41 1.43 1.39
B Mmax  [Kg] — 881.5 1088
2 | Platform2 dmax [mm] | — 1.30 2.49
'% demax [MM] | — 0.564 1.19
g Mmax  [kg] — — 3137
Platform 3 dr max [mm] — — 1.76
dec max [Mm] — — 0.704

bbH. LLETLVOEEEZ LV FERITESIT DL, ETANEMEC>TLEY, il
ERRHIFEAE DML N NEE TR > TLE S BNAH D, ZHITK LTS, M oRBITHE
i ROF £ C, FHOIEEOMEICHEEMEZIT) ZERNAMTHLEZE X D.
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Order

. - Parts Sub Final Shipping,
ETO . Design Procurement manufacturing assembling assembling Sales
MTO : Design Procurement Parts Sub Final Shipping,

. 9 manufacturing assembling assembling Sales

. Design Procurement Azl Sl Final Shipping,
ATO . 9 manufacturing assembling assembling Sales

. f Parts Sub -~ Final Shipping,
CTO . Design Ricciiement manufacturing assembling Customization assembling Sales

. i Parts Sub Final Shipping,
MTS : Resigh Procurement - anufacturing assembling assembling

Fig. 6.1 Production processes of ETO, MTO, ATO, CTO and MTS.

MTS) &, X% CThHbREOLERBET 22 AR RSN, O, 2nb
DO L, ZEARESAIFZ IR ORI EPERR GBS & ZIENAITIE U783 O A 12
LoT, SHICTROLIIIHEHIND.

ETO (Engineering-to-order) : 3z iEi%FtAE R, BEND OERITHE - TRG 2 5%
L, B LB FRAEEAIAT DX E T O

MTO (Make-to-order) : FREFEDZFAFESTA. SZIEITHES THEL, BEAMZR &4 FRd
L, AFEAIANT D H a5 @,

ATO (Assemble-to-order): SN AEPE A, EEHHOE Y 2 — LV ATER E LT
HAELTRE, ZHEICH> TEN D Z AN T TRIECELL 21232 O, gezg
T, BXEZT ThOBE S DEY 2 — VBRI L D WA Z~ A X%
TP RARBLEL OMNE O T U TR IR 2 35 2 720 5 EPES R AR+ @,

CTO (Configure-to-order) : JESUEARAFES K. ATO OH TS, 5 HANLAL Z fiH % D
& DIESTNEITIS U RGO TR ORNL 21T 9 A XA RE LT CTO
LT @)

FUARAEFEST R FLORZHAEESTXOAEFEOHED 2K 6.112~7. il ApE T
ICEDHMEICHESL L, BIEBLOE S E TG & Lo SRR S SUEARAERE IS,
AT TR E LSRRI M AENICE ST 5. Z0X2ICEIENLES
BECIE, 7T—FT7 7 FrRatOBE AR, ML TR, 77y M7 — ARG LR
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Extended architecture concept

Design Structure Matrix

PR

Fundamental architecture

l
] 1
1 1
i ’ ‘ ’ \ i

1
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Deter;nllnlng i Customer Physical Entity Assembly !
moduie | d@yequirements functions structure process i
i i
1 1
A\ ’

boundaries
P - Lommm— -
. 7 - N, ol - N,
Determining | /7~ 7S LT
i’ - \y T4 ~ Ay
number of Lt o S Platform Lt f? V4
modules and | . [ PN
their detail N H o, design AN H

eir details \ S \ M

\\ S m® ,I \\ S

~~ ----- ” ~~ ----- "

Fig. 6.2 Current and future scope of this research.
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Table. 6.1 Scope of product architecture design methods.

" Scope
52 085 2 o
5 £ 828 £
ERRE RN
References Target Product example e & & 8 <
A: Pimmler and Eppinger (199%) Product Automotive climate control system X
B: Zakarian and Rushton (206%) Product Cockpit system of an automotive vehicle X
C: Braun and Deubzer (2007) Product family — X
D: Alizon et al. (2007 Product family ~ Single-use camera X
E: Gorbea et al. (2006) Product Hybrid electric vehicle X X
F: Deubzer and Lindemann (2069) Product Drive train of an automotive vehicle X X
G: Helmer and Yassine (2018 Product Jet engine X
H: Bonjour et al. (201332 Product Diesel engine X X
I: AIGeddawy et al. (2017133 Product DC vibration motor X X
a: Ulrich and Eppinger (1998¥) Product Printer X
b: Erixon (1998§% Product Vacuum cleaner X X X
c: Zamirowski and Otto (1999 Product family ~ Printer X X X
d: Yu et al. (19997 Product family  Instant camera X X
e: Stone et al. (2006 Product Power screwdriver X
f: Dahmus et al. (200§ Product family Power tool X X X
g: Borjesson (20049 Product family  Cordless vacuum cleaner X X X X
h: EIMaraghy and AlGeddawy (2013) Product family Washing machine X X X X
i: Lin et al. (2012§%? Product Coffee maker X X
j: Lietal. (201753 Product Large tonnage crawler crane X

52 RAAL LV EMHRRERE AL 295 MDM ZHWTHE T —X%7 7 F v kit 217 -
TW5. AlGeddawy et all® X, DSMIEX THAIZL TWARWL OO, FSIVEDFHGHE
EHWDZEIZED, MRESREE RAAL L LIEDSM DY F A% Y 7 ORifE%, #T
PEEBRLTHRELTND.
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it L, Stone etal'® ©FEREZFEM O AH SIBIRZ FLR 4 28T T U > 7 % IV CHE
HREMOBMRICEASS b 2=V AT 4 7 ICXVRET—F T 7 F ¥y DEY 22—/ bEITo
TW5. Lietal®) [ 3HeeeT Y o VW= r S AZ ) o 7 FIEARE L, EHERR
EXIGE LIEHMRBRET ) v Ik 2T =X 7 7 Fry DTV 2 — UL FIELZRE L.
Erixon(®®) |J% Sk - B AR - *%E}ZE SORBZITO & L bIT, MR E 12FDE
Va—/L RTANIHESDEEY 2 —/LITH AT S Modular Function Deployment (MFDY
R L. F£7-, Linetal® |IH§pk Faﬁ@i‘ﬁﬁﬁeﬁf-f‘kn‘ﬂiﬂzﬂﬁ%fr/\ﬂﬁ IHEEL,
T—%T 7 FxDEY 22— /MU EMN TROFRRE 21T, 2L OFEZINTNE
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D . .
= Engineering-
S to-Order Configure-
S (ETO) to-Order
©
3 Make—to—Orde@ (CT0)
(MTO)
@ ® i semoral semee
Assemble-to-
Order T
(ATO) o ITTTTTTTT 1‘
@ Make-to-Stock
Make-to-Stock 6’ e@
(MTS) @@@ (1)
Production volume .

Fig. 6.3 Classification of product architecture design methods in table 6.1 and production

methods based on product variety and production volume.
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