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Introduction of the Third Modularity Measure to Environmental Conscious Products Design

Masanori Kanot, Tadashi Onvosmtt and Mamoru Takanasmrtt

New introduction of the third modularity measure to the environmental conscious product
design system collaborating with the conventional first-and second-modularity measure, enables
the system to be reflected from the disassembly time of the products. The disassembly operation
will be commonly carried out by hand with rotation of used appliances in disassembly process, and
the loss time by the rotation makes the process efficiency worse. Then the introduction of the
third modularity measure will be very important to evaluate the design in circulatory society
promoting reuse of parts and recycle of materials by the way of disassembling.

For the illustration of the efficiency of the third modularity measure, the demonstrative
experimental results of the disassembly time have been shown by making use of the trial on

wooden boxes assembled by screws.

sembly

1. #

20tAIc B 2 TG OWARIE R, fhekn beREnSE
KHAEBWTED SN, RSEHHROMEIIEKT I &
LR SNID - fo, % O BEIYINEEE O RRER & 88
b L, EMEEEROERE®EVIcT v - L, HEL
NUEEKTSEZEEL, L BOBINWAERE RH487
ZLRBINRRER SIS -1, BIRENET 2 BRI, THEER
ORHPEFOREMLERZ DDA v 7 F v R, WED
Ja—R, YH AT NVETHIODOEMORRNIE ELETH B,
F B OMBMORE IR, * VRS, FEMNG, BB B
B, ATy T T4y "EEBATHY, TNTHhOSEIRDS
RIL-TL %o DD 52 IFfER, MEBHOLA VTS
YABBRETH L, BHPEESCRESRBENTEY,
F VRHEIC L BHAILT - MR OO TORRSHES N TL
5(1)0

KIRFTTE, HROLHICHELE L LR REAOREOHE
WEHL, # VTHahcBMaEERsflier e LT,
Z ORI AT SNl E WD S 9 £ TOERR
EERL, ZoOERIS, BEONH - BEOLPTIEEZ
Bo I TERN « AWNCEHET 5 C EETEICT B[ E Y 2 —
JVHERIE 1299 2, Slg oS RREIC 8 5 8R o bliciaE
SUAEEZEEBLLESEY 2 - VHIEOEALZRSL, 208

SEAKISEE 8 B 25 A%AT ; ERRISGFILH 4B ZHE
* KRR FREILLFT TR
T010-0085 FKHMFHZEE 1-1
*x K ARFE TFERTH BT
T010-0085 FKEMFHEEE 1-1
T Graduate School of Mining and Engineering, Akita University 1-1
Tegata-Gakuen-cho Akita-shi Akita, 010-8502
11 Department of Mechanical Engineering Faculty of Engineering and
Resource Science 1-1 Tegata-Gakuen-cho Akita-shi Akita, 010-8502

EM U

Key Words : Mechanical Design, Modular Structure, Modularity Measure, Reuse, Reduce, Disas-

BAERIEd %,
2. EYa—JVEARE

BRHETS THE SN ARETITE, KROBEEEIELES C
i, MEOEEIBWIEECEHEL T T ICHERERS
HB2ETHB, CNLOEREMEI LI D—DDHE
LT, BEoT Y-S BFONE, TV - &3
DhOWMEEREOT LEDTHY, HLRAEFHF LI LOK
FEP LB TH B, M TEER B EFNThOBRESF -
7T B0 5 AEM RO A G LR LB, 0
BERTEY 2 - VOhiceE V- VEEL AEHELEEAT
Bllitk-oTHIETE B, FIARHEDO LI BEL OEREDP S
BRI hAEH T TE-Th, TV I VE—DDEY 2 —
WEBBTOEIRED, FOE Y2 — VEBMNE LT FERE
TEBI LD SEFICEENCLIOT, BEIELTED L
3 IS RSN E 15 > TV BRI T A2 ENE Y 2 —
W OB LN, Bxa V¥ —0E» L1, BETECR
M, MEloREE S8 - BE - SBlokk ERRONEOR
B &, 87 2 - XXBILBEEMDIEVRLE, EVa -
BiEETE2EFIEOND, FIATEELEZOBEN S5
BHTH-Td, EVa2—VEBRT ZMHOEMIE—TH

niE, FHRONERFESELCHREEAEHD, TVa—
NOWNERE THIF « RAT 2LBEPE 2D, DX B
DB RET EDTEY 2 — b TeEnE, FHAEDOR
DERUMREGSL L0tk E, 2 TRESVIBAREI
DANEELTHHNT 5, 9, Va2 - LVOERIERES
ML, MREOREE RIS 2 A IRITRT

2.1 F1EY2—IVHEAE

AR T A (BHR) OHRE xx-x) s TH
H42, 20LC, BHLEVIBEAD»SERx EER xDE—

Wi6E BE25 (2003F12H)



Akita University
48 EEEFEE - K

Mozt (a~x): ERBEL, FETH B LTS, 518
HrkEWIEEPORBETH 2 ERZORAR s DFHES V.
() ZJERT 3,

FIZSEMEE UTHE (material) %#2INd % &, EROM
ERER (xi~ X)) e TDOEMEERD S B HEAE V) &F
e 5, cofucFHROMECH S, RTEEHOH S, M
BECBALEN S, WHAWALFEEREGATEERT S &N
Hisk2, ERICEEESZSHLOBAITBOVT, [EEM: % FER
i KO NEROESGEMHL, TV —VEEKT 57
Lo 5, —HCIRDLSITVG) OBESTEZ S,

v:.(x0) NG NG M- €))

PO DI —o DBk LRTHEEENEL, TV a2 —
WIERK ORI FEME 2 BE > TH 5, 1980F M X 0 AR AT &
LTHIONTOVBEFHFA YeX T 7 F ve= b v
(DSM) #E9C 2F|HT 5 ER 1 DL 5, BHAOTLT »
Ny MIRAEBEEEL, T SE—DOEATAITH 5, KT
DEIER 2 DT O LT 0RO —ET 2 BEPHSIRES
AT ENTES, BEOBRCH->TEY2a-VELT—D
K30 5 2EEETEFIEANBL L Licky, AL
OhDTa I T Y vy I RTHE, TOT Ay 7 EHEKT S
W QT2 27 —¢E89) @—D20E Y2 —vEBRKRT
BERMEINE, COXDREBELE P OBIEAH) S DSM TR
L, &7 32y i@l CBd 2HWRE GRS »2
FhiZZnwiEs, 08T REY 2 - MERFV EiICh 5,
—RIC I HEBRERES N D VEBRic ks E Y 2 —
IS LB, A ER SR BmEEEE AL TCEY 2 —
MEEWET R OB2PE LN S, EmdzhThick
HBBZoNTWEOT, ThERT R SELER
FeEBELRZINEE SR, E-T, H—BEEXET 28
HAEZOFFEV2—NETEIERERITY, ZOHEERS
TR —EZNTHOBEECBIWE AT THEIL, ik
7 5RA5—5EERTINENS L, OBBRBEEYK
WTKhG) ERET B, COXINEFELTHDE, 752
7 —REEESE m 2K TEET 5, ELES T | &
RECBTAIHEHTHY, m OTHIRAFEp 13, B
R0y 525 -FBEET,

@K |
(V.G UwG) |

EXBRMERIREE T («~ <) & (c~<), KHLTH

@

mp

A CIDJE][F
A 113447
B! 1 3141 4
cC|[3]3 11 a]-]
D| 4| 41 4 | -
E| 44 4] 4]~
F asn e ane

Figure 1 Design structure matrix representation of prop-
erty coincidence among the components
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Table 1 The test object of parts size (mm)

Length | Height Width
A 220 180 14
B 220 70 10
C 160 70 10
A 100 58 9
B’ 100 45 9
c 40 45 9
D 40 18 18
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Figure 5 Exploded view of case 3
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Figure 7 Exploded view of case 5
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Table 2 Material of parts and post life intent of case 1

Component | Material | Post life intent
a Steel Recycle
b Steel Recycle
c Steel Recycle
d Steel Recycle
e Steel Recycle
f Steel Recycle
g Steel Recycle
h Steel Recycle
i Steel Recycle
j Steel Recycle
k Steel Recycle
| Rubber Recycle
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Figure 10 Design structure matrix of case 1
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Table 3 Disassembly date of each case

| Case 1|Case 2 | Case 3| Case 4| Case 5| Case 6
The number of parts 12 12 13 12 12 12
_The number of removed screws 10 10 12 12 12 12
The number of module 3 3 4 4 4 4
The slope of a line 2983 | 4031 | 335 | 3.353 | 4549 | 4821
The modularity measure 05 05 0438 | 0425 | 0438 | 0438
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Figure 11 Disassembly time of case 1
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