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Proposal of Decision Support Methodology for Life Cycle Strategy Using Disposal Cause Analysis Matrix

Yasushi UMEDA, Kunihiko HIJIHARA, Masafumi OONO, Yasunobu OGAWA, Hideki KOBAYASHI,
Mitsuro HATTORI, Keijiro MASUI, and Akira FUKANO

This paper proposes a decision support methodology for life cycle strategy in environmentally conscious product design. Here,
decision of life cycle strategy includes decision of objectives of design modification and selection of appropriate life cycle options,
such as upgrading, remanufacturing, maintenance, and reuse. Since main objectives of this research include offering simple and
convenient tool to designers, quality function deployment is employed. The basic idea of this methodology is to analyze main
disposal causes of a product by using “disposal cause analysis matrix,” which is proposed here, and to modify design of the
product so as to reduce analyzed disposal causes. This will results in extension of product life and long-term usage of components.
The methodology consists of three steps; namely, analysis of disposal causes of a product, selection of life cycle options and
components to be replaced, and modularization of the product. This paper also illustrates a result of a case study using a cellular
phone. This result reveals that the proposed methodology can successfully support the decision process of life cycle strategy.
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Table 1 Disposal cause analysis matrix

Disposal Causes Importance Functions (fj )
(dy i) Transfer ink | Store ink | Grasp | Carry
Function consumption 9 . 9
Appearance 1 Wi 9 3
Capacity & Size
Failure 3 9 3 1 1
Obsoleteness of functions
Importance of functions (rfj ) 1.93 9.64 ] 0.96| 0.46
Top holder 0.5 0.1 0| 0.99 0| 0.08 0] 1.06
Body| Wik 0.8 0.5 0| 0.28 0| 0.73 0] 1.00
Bottom holder 0.1 0] 0.02 0| 0.08 0] 0.10
Ink cartridge] 0.9 0| 0.58 0 0| 8.10] 8.68
Tip 0.5 0.1 0| 1.03 0 0| 0.90] 1.93
Cap| 0.5 0| 0.11 0| 0.13 0023
Components Cause-Component Matrix total
(ck) (Mik ) (Mk )
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Table 2 Main disposal causes and reuse candidates of ballpoint pen

Main disposal causes

Disposal
: Accumulated|
Disposal cause Component %ﬁpg{r;ance importance
Function consumption |Ink cartridgg 62% 62%
Failure Tip 8% 70%
Failure Top holder 8% 78%
Function consumption |Tip 7% 85%)
Appearance Body 6% 90%
Other reasons 10% 100%
Reuse candidates
Disposal
Component Importance| Accumulated
m' k) importance
[Bottom holder 1% 1%
Cap 2% 3%
Body 8% 10%
Top holder 8% 18%
Tip 15% 33%
Ink cartridge 67% 100%
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Fig.1 Component connectivity graph of ballpoint pen

Table 3 Component correlation of ballpoint pen
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Top holder 047 0.29 0] 0.83 0
Body 0.47 0.64 0 0| 0.56
Bottom holder | 0.29 | 0.64 0 0 0
Ink cartridge 0 0 0 0.67 0
Tip 0.83 0 0] 0.67 0
Cap 0] 0.56 0 0 0
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Table 4 Candidates of life cycle strategies of ballpoint pen

Main Disposal Disposal
Causes Cause Component |Importance
AT Function consumption [Ink cartridge 62%|
A2 Failure Tip 8%)
A3 Failure T'op holder 3%
Life Cycle Options | Component Option
5l Ink cartridge Maintenance
B2 Ink cartridge Remanufacturing
Bottom holder, Cap,
B3 Bodv, Top holder Reuse
Component ¢ Component set Correlation
Ink cartridge (replace) -
C2 Ink cartridge (refill ink) -
L3 Ink cartridge, Tip (modularize) U.67
Modularlization  |Component set Correlation
Dl Tip, Top holder 0.85
D2 Tip, Top holder, Body 0.43
D3 Tip, Top holder, Body, Bottom holder 0.37
b4 Top holder, Body 0.47
D5 Top holder, Body, Bottom holder 0.47
D6 Body, Bottom holder 0.64
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Table 5 Disposal cause analysis matrix of cellular phone

DOHEREDBRIBI L F T 2BEEERTH Y, —H T, IM=ax”
&, AE—J—, A7, FE#(Batt. charger), 777}, ¥
—Ry RI3Y 22— 2K & 72 D LW ) fmm e T, ok
B, B, RS OESEHRS T 7 (K 3 2MR), £ 5 OFEE
BRI R D DIERL L7 IR FABIRERGE 7 20, o
PERR LT T 4 7% A 7 VERBSERIZRE, 3 7ebh, 74 7304
I AT 3 ORI L O B ERE B AR A % 8 IRt
KD, AMEDOFELDLTATIA IV AT ar bl
CT T T V=R AT F U RERET 7 7 L— REAN
DL EBRLND. =W A N TOT v T T — K- AT
F U ADYE, T BRI AHIR S5 DT, FoREB
& CPU A — FaE—L LTI & L (C3), V=—A%%
BT Y 2 — LT 57201, AREHEEME LT
L— L AT T D Y = VIS EI L(C6), T T, F—
Ry R, A—h—, w7, dNfiaxr &, 7L—L&kETY
2— /b T 5L L LIZD3). T7/bb, Al~AS5, Bl, B,
C3, C6, D3 #EA L=, —F, ®EZENL LTIl
W7y T L— REAEERITOLEE, Ty T L— RalRettx
EOATDICTE LT EY 2a— b LW FEE L b, Al~
A5, Bl, B7, C6, D4 &R L7=. ZDLHI, #RLEETA
THA I e F T a IR U T, WERRO B A Y
WATREZR 2 & b ARFIEOREO—D2>ThH 5.

5 & =

B4R T L OIS, AR CRE LETHCLY, A5
FUTHI B T4 74 7 MBISOWSE, T7bb, T4 794
U0 ATV L DR L SRBEO HEOWE, 2 AMZH

Fig.2 Appearance of cellular phone
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X Functions
Disposal I - - -
Causes mportance WSend/receive| Input | Output| Display| Type | Memorize| Search | Set | Connect C Store Form
; . . ontrol L
radio wave | sound| sound | info. |number| number | number | options| toPC clectricity | appearance
Function
consumption
Appearance 9 3 9
Capacity & 3 3 3 3 9 3
Size
Failure 1 3 3 9 1
Obsoleteness 9 1 1 9 3 3 9 I 9 9
of functions
Importance of functions 0.43 020 ] 020 | 448 | 0.62 0.60 0.60 1.80 0.20 0.19 3.65 9.04
Antenna 0.7 0.1 0.18] 0.01]0.34]0.68] 0 §1.20
Key pad 0.5 0.2 0.2 0.2 0.1 0.78]0.10} 0.26] 0.68] 0 J1.81
Display 0.7 0.2 0.1 0.1 0.1 0.2 1.9210.0500.47]2.93] 0 f§5.37
Body 0.6 1.08] 0.04]0.26]4.05| 0 f§5.42
Speaker 0.7 0.14] 0 0 0 0 J0.14
Microphone 0.7 0.14] 0 0 0 0 §0.14
Battery 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.7 1.80] 0.43] 1.03]0.23] 0 §3.48
Batt. charger 0.3 0.5410.1710.39] 0 0 J1.09
Ext, 0.6 02 oo o] ofor
connector
CPU board 0.2 0.2 0.2 0.2 0.2 0.6 0.6 0.6 0.3 0.9 2.3040.2110.26]0.45] 0 §3.21
Components Cause-Component Matrix | total

Table 6 Main disposal causes and reuse candidates of cellular phone

Main disposal causes

. Disposal Accumulated
Disposal cause Component gnnpfl)(r;ance importance
Appearance Body 18% 18%
Appearance Display 13% 32%
Obsoleteness of functions |CPU board 10% 42%
Obsoleteness of functions |Display 9% 51%
Obsoleteness of functions |Battery 8% 59%
Obsoleteness of functions |Body 5% 64%
Capacity & Size Battery 5% 69%
Obsoleteness of functions |Key pad 4% 72%
Appearance Antenna 3% 75%
Appearance Key pad 3% 78%
Other reasons 22% 100%,

Reuse candidates
Component Erl1sp]i)or§§rl10e Accumulated
(m' k) 1importance
'}=3xt. connector 1% 1%
Speaker 1% 1%
Microphone 1% 2%
Batt. charger 5% 7%
Antenna 5% 12%
Key pad 8% 21%
CPU board 15% 35%
Battery 16% 51%)
Display 24% 75%
Body 25% 100%
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Fig.3 Component connectivity graph of cellular phone

Table 7 Component correlation of cellular phone

5 | 8
2 S| 8=
s | - s 2| 8
A - N A R
Zlgl|le|E|8|l&lslg]=]|R
R v - - I - - - <0 o)
Antenna 0.10 [ 0.14 ] 0.50 0 0] 0.32 0 0f0.19
Key pad 0.10 0.73 | 0.39 0 0] 0.52 0 0 0.60
Display 0.1410.73 0.40 0 0] 0.55 0 0[ 0.63
Body 0.5010.39 | 0.40 0 0 0 0 0 0)
Speaker 0 0 0 0 0[0.33 0 0[0.19
Microphone 0 0 0 0 0.33 0 0] 0.19
Battery 0.3210.52(0.55 0[0.3310.33 0.50 [ 0.30 ] 0.88
Batt. charger 0 0 0 0 0 0] 0.50 0 0
Ext. connector 0 0 0 0 0 0] 0.30 0 0.20
CPU board 0.19 ] 0.60 | 0.63 0]0.19]0.19]0.88 0]0.20

Table 8 Candidates of life cycle strategies of cellular phone

Main Disposal Disposal
Causes Cause Component Importance
Al Appearance Body 18%
A2 Appearance Display 13%
A3 Obsoleteness of functions |CPU board 10%
A4 Obsoleteness of functions |Display 9%
A5 Obsoleteness of functions |Battery 8%
Life Cycle Options | Component Option
Body, Display, CPU board, .
Bl BattZry play Upgrading
Body, Display, CPU board, .
B2 Battery Upgrade remanufacturing|
B3 Body, Display, CPU board |Upgrading
B4 Body, Display, CPU board |Upgrade remanufacturing
BS5 Body, Display Upgrading
B6 Body, Display Upgrade remanufacturing
Ext. connector, Speaker,
B7 Microphone, Batt. Charger, |Reuse
Antenna, Key pad
Component .
Replacement Component Set Correlation
cl Body, Display, CPU board, Battery 0.41
(modularize)
C2 Body, Display, CPU board (modularize) 0.34
C3 Display, CPU board (modularize) 0.63
C4 Body, Display (modularize) 0.4
Cs Body (Add cover on Body) -
c6 Body (Decompose Body into Frame and
Shell) )
Modularlization |Component Set Correlation
D1 Antenna, Key pad, Frame 0.33
D2 Speaker, Microphone, Frame 0.00§
Antenna, Key pad, Speaker,
D3 Microphone, Ext. connector, Frame 0.07
D4 No modularization -
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