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Proposal of a Planning Method of Upgradable Product Service System Design
(Planning Method Considering the Temporal Change of Environmental, Economic,
and Consumer Dissatisfaction Perspectives)
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(Shuho YAMADA) (Kohei OYASHIKI) (Tetsuo YAMADA) (Masato INOUE)

Abstract

This paper proposes an upgrade planning method of Upgradable Product Service System: Up-PSS. The purpose of this
study is to obtain upgrading cycle, number of necessary generations, profit rate, and available cost and environmental
load amounts which can attain the lower environmental load, lower price, higher profit, and lower service receiver’s
dissatisfaction concurrently compared with existing business models. Previously proposed method derives upgrade plan
from the viewpoint of functional improvement without considering environmental and economic aspects which strongly
relate to sustainability. Therefore, this study aims to develop planning method and evaluation models of sustainability
factors. In particular, this paper proposes evaluation models of cost, environmental load, and receiver’s dissatisfaction
which consider their temporal value change to obtain aforementioned design solution. This paper applies proposed
method to design problem of packaged-rental business model as a case study. The result of case study which attains the
lower environmental load, lower price, higher profit, and lower dissatisfaction compared with replacement case shows

the availability of proposed method.
Key words

Upgradable Product Service System (Up-PSS), receiver's temporal dissatisfaction, upgrade planning, early design phase,

uncertainty, decision support

At T (1) TRIETHI



* 1 SH, HERFHETEE (T 214-8571 BT ZEXE=H1-1-1), s_yamada@meiji.ac.jp

*2 JERH, BHERFHTAH(F L), eebdl00@meiji.acjp

*3 JERE, EREERFRAEIERE T AR (T 182-8585 FARHi#HAA 7 .1 TH5-1),
tyamada@uec.ac.jp

¥4 IESBR, WHRFEETAE (T 214-8571 JIGTHZEXE =MH1-1-1), m_inoue@meiji.ac.jp

1 #%

ERM 2 BT 2 8 B2 8% % (Circular Economy)l)‘?3 HARIZEBIT DA~ T3 :L—ﬁﬁf)ﬂ(Multl Value
Circulation: MVC)?2D 2 7 F TR B 5 X 91T, Rt AlRE/RtE R v AT A& T T 57-0121%, BEF
OERZFMRER ST 2 L0, S%F EF?%;@M%, BER 2 E L Cike ﬁ‘é;&ﬁwé%f“&)é.
ZNE TIZEFEV O SR ORks b3 ToM, £o, Va—ZARY A 7 V2 BE LI/ 3, 7y 77
— RZ&ARE Lo iy 4)0)an+%°§}§;|475>??2}9%'(%7’_ —HT, L&A TORMEERZARE Lo
PRELTIZE LTS, ZOEMPETNAITONRWIRY FOEE LIZFEROIZO DT 7'r—F 09 J 3
BRER BN H L. FRFIC, HERZAMEE LR ZF%E, BAT DI & EESCIHE R T3 L TRA
WTHLILEIZBNTH, ﬁ?ﬁﬁTﬁE&fﬁiQ@S‘%ﬁ EREETH S, T7hbb, HIEREZZFRIZEBRT LD
1%, ZOMWBROFERLZDOERENLETHY, IHIT, TOREDOTRI AL FBREEITH L THA L
72% LIFFEC, WEOMAPHEFICH L THERERDIEBLETHD. DRI, Fifre/ithas 2T
LEFHRTHOITIE, EOAT =7 RVEThHLRE, #¥, BEVLFEZEL ZENARETHL L O 72
VAT ADEBRNMLETHDH. £ T, AWERETIET v 77 L— FRLY— B 2 v 25 A (Upgradable
Product Service System: Up-PSS)PZ A% YT, FiferlRE/R T AT AEBLOIREIT 9.

Up-PSS %, 7 v 77 L— Nl b 207 v 77 L— K, RFOY— X filhd bz
EAVAT L OTHS. 7y 77 b— R 0%, W2 2 -5 oz 2, Bindsz &Tf‘xﬁif
E’J CREE L U2 s 2 i s, "AoMifiEma iRt 22 AME LA THD. T72b

L, HERMBRI 2B ROBEN R AE L TR T, B kI Lo THEESN CE /B OFEMEIERE I H,
HEREORFTHZMHIEL 2L T, BEAMOKEAZ BN E LERETHLS. ZhETOT v 77 Lb—
NG ORREFFFIEOMTETIL, 1RO E W 2RO R & el U TIRBRIE AT, bk, SR % [R5
BB CH D L 2 MM ARG T 5 FIEDRESNTEY, 7 v 77 b— NNl gE /b > A7 A
DEBIWBLTCAHTHD ZEDRMRINTWD., — 5T, TOREEZNRMICERTS720121%, Bkl
I E~ XA N THIERMETH LN, BEOKTETIE, EHtREATOHEILTY
HZHDERE LN R =T OFFHREZBNE LIZTIETED Y, WEORALERN, EHIZBWT
VAW R CTh LV —EADORGE, BEBHORAHE LI-FERITZE AV EHFE LRV

FDOD, AW TIE, Up-PSS OFFHIKIT ARG LB TH D — A DEFHEBICE T 5T
OFFEE EHOMESY — X ORI, BRI ORREFHIER LY T, %ﬂ%iﬁé‘?‘é?/ﬁ@%
fEHM LT 5. Up-PSS OEFHIRBW TN, ;@”%Exﬁﬁ‘éﬁ#%ﬁf&;éﬁ;{%@*—x%:x e
HL, ZOREERGRICKHET DHERH L. AFFETIE, &y FR—ZARGOBE 9% W TZ DA

FMEEZES D LRI, 1ERDT v 77 b— NG —E A 27 AOWHFEIC B W TRHMlA A+ Th -
7z, =20 L—N (BE) OmEE (MNEE) ICETLHEAZRETFIECRET 5. BREFIEITRS
%—EX%%ﬁféﬁ—Exﬁﬁﬁﬁﬁﬁ@b@@%T%é_k%ﬁmh,ﬁ—tx%&%%@ﬁﬁﬁ&
(T7bb, 1 RS2V OFEHB LU Y — ¥ A L), BEEFFRETFIH iR 22 0, Afr AlRE7RER
FAanr, f"AottfE (FRbb, U AMRERTHLIMENEG T 2 XEYESEMH) OEHEITH.
HIZ, MEFEOAMMEZHERT 272D, REFEO NNy =V L 2 VORERBEICAFIELZ B L,
IREREL AT, RAGKS, @FIARITINZ, AR 2 R 2 REHROEH 217 5.

AT 2) TR



2 77T L—FREY—EXVRXTL

21 P77 L—FHRHEY—EX IR T LOBEERR

Up-PSS BLW, 7 v 77 L — RREGRFHIBET 2 /TR Z R 5. TH S 9239k AF AR 72 85
RS DT — Z RX—= 2SNV EH B OB FELREL TV D, TR L OFETITERAF A6
i & ZOHERDOT —F _XR—=AZEK L, ZTOT —F RX—=AnLRENER T kO — K~ v 72 1B
T2 LT, PERIHEBEEDLE LT 2RO TR, BUERENITAE T 2 /-ENHEL L, BV 2t
TORHOTHAITH Z LT, 7Ty 77 L— REHEHE R, s o&ENE2175. THHOF
BT OBSBEMEIC BT 2 BRI K 23R TFIETH Y, BREHE, & EOFMITIThi TR,
Pialot & 1%, 7 v 77 L— NA[REMEIZHE S B LWVIHE/EEE— FOBM AT o7, 512, Pialot b
0%, 7 v L— RAOBIEN R =— A MR T 572018, FFEOFERT (R L= AT L v Y
<) IRV, TOREEEORELZ 7T A, KAV, AL O 3METEME L. T OFE, 50%
U EORENETZHKETHRETHLOICHEADLLT, BEWEZ O TWD Z EX R I, ZOHEBITAR
MOEHICL DD TH D LFRIIFIC, HEENZRUGENZEORHMEICEH TH D Z ERER SN, S HIT
Ty T T — RO T U AN TE, BBEDT v 7T — ROV A I NV EF TRV X, Ty ST
L— FERO AR L = A"ADRROEZ AL DI E L RN ER RSN, 2OV A4 7 VORI,
BRREHIEICmE S, MEOEOLORIIERE 2\, WUARMMEZRT ILENRS D Z ENERENT-
Michaud ©» WiX, WEHEDOT v 77 L— NG ABRRKICEELZ 52 R FE2RET 272012, 74—
HATN—T A B a—ICKDBRCRINESR A Ehi L7z, ERITA T4 77— bOEAT 158 40
LOEEEZETEY, ZOREIL, WEEIXT v 77 b— Raie2fmIclk 25, 722 0 AERN
HHZEDRERIN, Ty T T L— RICETDH A NOBERIIL, AEEZIToTZ2— R ARERE, Fry=2x
2 —TREREE,  — by 3y, WEEICBWT, RRARTFEME O 256% ~ 50% TH 5 Z & BRI .
Fl2, Tl T — ROV A 7 VIZEALTIE, EWEREEN, 7Ty 77— ROFECELTL, #ihic
EET D Z DR s, Fi2, ZOHAICEE L7 Lobasenko H DL AFHEIC L D L, FHHNAERR
HEHTEE, N R > TEDOEBEMDBRLD Z EPHERIINLTND.

Ty T = R LREF - ADOMRER (RGOS r—2 ) — 2B T 2 x L7 L)
OHIWTIZBET 245 TIiX, Umeda & W38 & AE @ OBLE D b RERGH MO T » 7 7 L — R,
AT F VAR, JVa—AORRREELIET 5 FIELZREL TS, £z, KobayashiW|IEREEFHAAER G
DXREENE LIETGATHAINT T o= T REERE L. ZOFEE, G BB CRE, a2
b, WEOBLRNLT v T T V— R, AT UA, REmE (7o 47), VJa—X, UL 7 LDE
BREZEEZITH . SHLIZEED 91X, Up PSS O —bE A ESE ON— RV =27 OER) (kT DH74
THA TN TV a OB HEETEERE L2, REBTIETIE, %2 i3 588 Th 23509
BeMEIC BT DRREHERDO A MEFEMEEZ BB L, 2 A b, BREAMN, RS, WEEMOBANLT—E 2%
T DA DN R =T, TOEMIRTEI7A4 T A I NFT > a v OBEEGEOFAMNFAEETH 5.

22 BFYAVILEEIZEITSFEER

PLEDSATHIE S, Up-PSS OB Hat Bk st B W T FOHEOMENMLE TH D Z E N HER I
7o, BEFOBEHRIEER TIE T, FRAFAETH D & FHSNIZHBROT — % X— RSN THEHF
2T 508, FHMEOBLAIE, BEMROHBOATHY, BEAMS, BFMHEICEE LR Z v
FHMIFAT DAL TUWZR. D 2T, HEREIR R0 72 60 O BFTFHENELEFIFIRE T 5708, £ O FHFHE S S HIZE <0,
RERBE A, RS A2 FEH T2 2 SI3HE I, £, FERATRRETH L & TPRILZEMOT — X
—AKAFLIEFIETH DD, T—FN—ADERE, EMIICE> CEHROMENKE S EELZT D

AT (3) TR



ERIRRIZ, BHEDOT —Z RX—2Z{ERT5720120F, BRea X NOABEZET D AREERE <, BAR
JEEOH HEETRITNITRETER2WAMRRERH S, PRI, T—FX—ADOEEIZRE RFET, 8
AN, BREEEEDTZENRTMEITR->7- BT, BHFTEEZERT D FESALETHD. S5, BE
FFREL, Ty 77 b— FIZ L DMERED ) L3 32817 2 RA% O 2 L X0 O FETH IS B 5 3l 34T i1 T
W, O, FOMRER EEASIIRLEZBEWVEZX LA SR L TEOREBND DD, HDHWNIEEH
% DO EE R DBLRICB T DFHE N LETH 5.

Up-PSS OFFFHIBIT 5 — kM8 & LT, RO =—X0CREI AN, 2 A NEORAESY THIL TR
95 2 LICRNT 5 RHEEE~ORIGNFET N5, T772bh, FHFHEZHFT 28E, T OFHEAFE
AW ORHEESEEZBET HLERSH D, £, TN OFMEFAA O, FEERGE & & Iz
T 5720, FEMEEBE LIZHEET VOERBLETH S.

Pialot HOFAETREINTZ LI, HEFILITOIEINTEHTIA 7 ABHESNTWAIEEZIFte 2
EDHERIN TS, WxIZ, B —E 2O AICEE L CEREIL, —HRBH 720 O 2 A O W5
YEZFRIT B Z E R TFRIE T, é% 2, RFEFY— AR B2 ) ORISR L A TG L, EREHE A
BT ENMETHD. 77200, h— 2 —H7 0 DMk, BREEAR ORI S 4 763
LIeODETNVEANERT DI ENMBETHD.

23 XWXOEW, REFEOBMELELIUTAEX

AL, Up-PSS &Gt/ O FHE (EFH OO — B2 ORMMIM) O TIEZIRET S,
RREFET, UpPSS ikt 2 — NV =7 2%GtT 5 ET0EE QL3R M0, M (Aff) FIRE7RER
HAME, HBY — R2A LR EHHES, LEREHORBEZEHRT 5. b DOFROEHIZEEL
T, ABIZETIE, RFCREAMOBAICINAT, 2.2 fiThk~7 X 5 IZETE CRMER R+ Th o 7=
AR DBUR Z T IV D L RIRFIC, GREMREO RfEEMEABE T 572010, &eHEFmEfAEE TR L,
Ty hAR—AFFTFIEEANDL LT, LROBHOBARIZE T 522 B EMEZEHT 5. FRC, RN
RO K D5l A FEBL T 272012, A U CIERBE N E ORI Z(LE T VA BT ICRE L, Tt
R TFEICHEAE TS, 72, @MEZHND LT, T4 _X—ZADORKE~DIKFZ R/NRICT 5.

B 1 ICARBFE CHET 5 Up-PSS O%Et 7 & A L ARG L OMBETFIEOMEMNT 2R T. ETIEL, H
18IS ND K51, Up-PSS T 28 —E AT AT AL ZDHBRERZ THLHN— R 17;73‘/5
TV 7 Y =2T7m TR 1BLO2 TRESN, "RV =27 OEFT2a—ERKEEDT A T A7 1L
FTvary (TyvF T —RKRAVTF U AORBTHDLION, HDHWE, 2MREZELTCT T v h 74—
LELTHWDD)) N7t RXA3EBLPN4ICTHRELTCWAEAEZRITEE L, a8 A 5D — Ky xT
O BT AR LR B D BT BT 5 — B A O LB, BRTOFEMFB & BRI T RE A 2 X R
REAMZEOEHEIE A28 T 5. B I THENEE, #YEo7eEX 6 Thd/— KU =7 OFFM
IRBAREBIC BT DR Y — R A %0, 1 #2472 0 IR ATREZ o A MOBRBEAM OB RE &7, B
REDHKy & LTRSS, F£72, B1ABICRINIARMLOREFIEZDO L OOt A%, ¥—
EADHMEN=RT 2T DTA4 TV A I NET T a OFERNS, 7oA ba [CTEILSRDON— D
=T HREL, TrERA B TENOLOEFEMFERZRET D, RIZ, 7rERA B IZTH—EXDOAMN L
FHRIR O N— R 7 =7 OFHRI G, RN 2 3% 79 RSP (Receiver State Parameter) D& L 217\, 7
nE R Bd IZTEHTHN— R TIZBNT, £T74 7 A 7 VOB TRET S a A MLEBREAR DI
AROBE TV, HEHEKE LTERT S, &5HIC, 7utR be Tikatd 2 EHatmi 2 i h4 20k
BRROE VR AET VERER, THFHEEHICB T 26 Th 2 ERARERET 5. &Kk, 7otk
A B I THELRAAR L BREIES, 2o OBffRAER L, WHEILIKE CRI 70T T VX% £ B 89T R LTI
MAT 22 &, EHetlzEHT 5.

AT ) IR



» Purpose of service (RSP)

= Component’s lifecycle option
5a. Preparation of upgrade
target service component

» Upgrade target component
5b. Determination of upgrade
way of each upgrade target

* Upgrade provision way

1. Determination of providing PSS

2. Determination of service component
(i.e. sub-service and hardware)

3. Modularization of hardware component

4. Determination of hardware .
component’s lifecycle option 5c. Deploying RSP structure

Research area + Dissatisfaction model

5. Planning service provision strategy 5d. Understanding the generation sources of

cost and environmental loads in target's lifecycle
6. Hardware development » Design variables for planning

5e. Definition of comparison criteria
7. PSS provision for the definition of requirement

| (i.e. use stage) = Design variables for planning
. 5f. Applying requirements and design variables
8. End of a generation to multi-objective optimization method

(i.e. upgrading time) = Upgrade provision way
» Upgrade cycle

9. End of service * Necessary generation
» Upgradable amount

Fig. 1 Planning process of Upgradable PSS and positioning of this study
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Ny ng

Cn, = Z Z WrrccWparfWpd (3)
7 a

Ny
DSgsp = Z(Cnc x DS,.) (4)
c

Demand: d

Function: f

Wric1

Component: ¢ [&6F

ps, DS, DS, DS, DS, DS, DS, DS, DS,
€.9. Cny=wpg X Wpyrq X Weycp+ Wiy X Wpare X Weacy

Fig. 2 A structure of a receiver state parameter: RSP in this study
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©| All disposed product Time integration DS =f(f)

=] \ -

8 5 N
s o Disposed by value § | Threshold: DS=10

3 deterioration £ . —Consumer strongly
E @ .0 i hopes to replace.
== Disposed by o i
S ® . @
Z o failure a

Time t : Time t

Fig. 3 Temporal change model of receiver’s dissatisfaction
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Fig. 4 RSP Structure of the Quality of Life in Case Study
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Table 1 Upgrade target product and its upgrade way and dissatisfaction model

Upgrade Size (W, D, H) Weight Uperade wa Dissatisfaction
target [mm] [kg] pe Y Upgradable (Middle-end-class) Replace (Low-end-class)
Dining chair 460, 460, 800 4.0 User-s  DSp,, = —0.0482t* +0.8901¢ DSpc,, = —0.1279t% + 2.2624t

Dining table 1800, 900, 700 42.5 Serviceman DSpr,, = —0.0076t> +0.0976¢? + 0.1043t DSy, = 0.0156t* — 0.3168t2 + 2.019¢
Low table 1000, 750, 350 24.0 User-b DSLTup =0.0138t3 — 0.2146t2 + 1.3155¢ DS, = —0.0561t2 + 0.998t
Cabinets 890, 590, 1870 77.0  Serviceman DScq,, = 0.25t DS¢q,, = 0.3t

Work desk 1000, 550, 730  71.9  Serviceman DSwp,, = 0.0062t* — 0.1334t* + 1.1144t DSy, = 0.0152¢% — 0.3078¢2 + 1.9712¢

Television 900, 190, 570 11.0  Send-back DSry,, = 0.0439t? + 0.108t DSry,, = 0.0165t3 + 0.2282t — 0.14t
Alr . 800, 150, 250 8.0  Serviceman DS, = 0.0124t* + 0.2519¢t DS,c.. = —0.1037t% + 1.8193¢
conditioner up re

Refrigerator 600, 700, 1820 79.0  Serviceman DSg.,, = —0.0134t% + 0.392t DSge,, = —0.01¢3 + 0.1337t2 — 0.0466t
Washing ¢ 6101000 40.0  Serviceman DSyy,, = —0.0037t% + 04138t DSwar.. = —0.057¢2 + 0.8485¢
machine up e

FHEE UT, 8 E e Sn b3k UGN, 7> 77 L — RAlRER=R UAR %85+ % -0 OFHlZ
LT, 1YY O — 2RI LD REAMBE AR ELpG, 1 N7 O — v 2 fikk PipG,
1HACYS 720 DY — B AR X B FIEE PopG, B L O — & A2 th 0 BB R CDSuw O 4 7555 %
s, 2 (6) o (9) ILENThOREHAEZ R, FH O, FHEE~OATRTRID=H, X (6)
FR (1) OB X OBEEY A 7 VEEORERE 1 A2 ERL L, 81 AL E 2 IR R
DORAREFFR—OFHPEAMEERL TERLEZLOTHS. KX (7) B\ TiE, KX (6) LRI (2) OF
¥, kB XL OBEY YA 7 VOl 1 A0 2 b L, % 1R L5 2 AL O RIER D3 4 & 4 [F
—OFPAEE EFR L TER LI b DI, FliER PR %AWl 2 F 2R EICEB L= b0 TH 5.
ARz, X (8) 13 (2) 2EF L, FlIERE PREAVCTIHE A FE2FIRICEBRLEZLOTHS.

IO OFHIES AT 2E A E LT, ZEOFREHE PRy, AMFEBEOFNIRE PRy, 7 L EOF|
R PRy ZEFRL, SHIT, it LoO#IFSM (PSD FEOBEMICKE LT, #IMOK Y AREZITDRN
A & LT, FHOMERREAN & ELrn, AMFEORIERERE AN & EL,, 7 L B ORIERER
Bt & ELpv, FHORE I X N Ctpry, AMFEBEORLE 2 A N Ctpra, 7V EORGET X N Ctpn H TEFR L
oo XD, EHEE LT, @k, FEHE (VA o) REORBTAMN R LWk, FEIE, (FEMRCET LR
NOB—HARYM W FAERZEH L, EX L. 22O OLERD Up-PSS 123517 2 #IHIHIH & Mk 4
THDHIUEROBWEZDGEOHMEERT. X (6) 226 (9) BLUOEK2DEHNL, BEVWEZ LD B
BREEATNT, AR, SRS, (RN A FRECEEL T 5 - O E R R, A%, 7y 77— R
BRELENT 5.

(ELpgy + ELpna + ELpty)

ELpG = {1 + UAR(UGN — 1)} x = +ELy +ELg (6)
1+ UARWUGN = 1) [ Ctppy Ctona Ctoew
PipG = Cty + Cty + Ct
ki UGN <1 T PRy | 1- PRy, | 1-PR,,) T CIT TR F Cw (7)
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1+ UARUGN — 1) (Ctpry " PRy Ctppa - PRpq  Ctpey* PRy
PopG = UGN ( 1- PRy ' 1-PRn, | 1-PRg ) 8)
ur UGN -1 UTX(U+1)
CDSyp = —— f DSgspdt + Z (1 - UAR)Y f DSRSPdt} (9)
UGN (Jo = UTXU
Table 2 Initial value ranges of Up-PSS and conventional replace case
Constant 1 .U.p-PSS Conventional
nitial range)
ELr Environmental load of transportation phase [kg-COsc] 300 190
ELr Environmental load of recycling phase [kg-COz] 7.0 32
Ctr Transportation cost [Yen] 60000 55000
Ctr  Recycling cost [Yenl] 6300 16000
Ctw Working cost [Yen] 38000 38000
Constraint of design variable
ELps; Environmental load of furniture production phase [kg-COzl [36.2, 39.8] 36.2
ELpy. Environmental load of household appliance production phase [kg-COze] [522.7, 575.0] 522.7
ELpwy Environmental load of television production phase [kg-COzl [50.0, 55,01 50.0
Ctpru  Production cost of furniture production phase [Yen] [96000, 225000] 9600
Ctpra Production cost of household appliance production phase [Yen] [161500, 209000] 161500
Ctpey  Production cost of television production phase [Yen] [45000, 63000] 45000
Design variable
PRy, Profit rate of furniture [0.4, 0.6] 0.20
PRy, Profit rate of household appliance [0.05, 0.10] 0.05
PR, Profit rate of television [0.10, 0.15] 0.10
UAR Rate of upgradable amount [0.35, 0.50] -
UGN Upgrade generation [2, 6]
Evaluation variable
ELpG Environmental load emission by service provision per generation [kg-COse] [360, 719] 719
PipG Price of service provision per generation [Yen] [220000, 449000] 449000
Pop@G Profit by service provision per generation [Yen] [37500, 75000] 37500
CDS Cumulative Dissatisfaction within 2 generation [0, 16.54] 16.54

42 BFEAMERREER
4.1 FiTR LT BB O HIIEIH O S HI2 255V C PSD RIEICHEA L, SRt a 8 L. B o#bH
2B 512, FHMMEROFPAM & BV DEA L OLEREREZE 6 [T N Fornd. A O Y HI%
1%, BWERZOLGAOMEEZIEAEL L, Zh b X0 bIREREAR, (KM, SRS, KATE S FERFCFED S
NBHEIICERSNDIHPHAZRE L2, BI5L0, 77/ L— NalRERE®R UARIX0.35~0.37, 7 v/~
L— N3 UGN 5.5 ~ 6 1R, FHOFIZEHR PRu1E 0.40 ~ 0.43, AMFEEOFIIEHR PRralE 0.056 ~
0.063, 7 L EOFIEHE PRy 0.113~0.119 OHIPITRTEAIEETH D Z ENER SN, £72, B6 LV,
DX FHEB O 2 AWTZ5E81E, RiieFEFELZEHWVEZ 25650 b —v X 1R &2 OBREE
ﬁng@ﬂjﬂi@hﬂJ%@%ﬁﬁﬂ%f%w,#wez1ﬁﬁ%twwﬁ%Pme;&w%~q2%
DOHIBNFRETH H Z L MR Sz, —E X 1 R B2V OF|ig PopGlE, +0.9% ~ +148.4%DHEANA
FKHTEX D ERMEREN, 12—V 4720 OV — v 2RI 2 BEAREX, -40.6% ~-39.5%
OHIEBFTRETH 2 Z E BRI T, WU, TOBRE L EHEE, 1 2—9 Y4720 0oV — e 24241
RN T, ZMARFEFELENVEZL LD bRk TGRS EH R TH D T EhRaniz. £k,
FHREOBR LY, &iT27 v 77— R — X CRIESNDIFEFZEIL, 4 FHOT v 7T
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Fig. 5 Solution ranges of design variables
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Fig. 6 Solution ranges of evaluation variables
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