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Deteriorating Causes and Recycling Treatment for Lubricating oil
R E S
Cherng-Yuan Lin ~ Meng-Ying Hsieh
IR B SEREE § ) X

Department of Marine Engineering, National Taiwan Ocean University

# &

B BT R T IEEAS o R TP B R T A L G B > A R
iiﬁjf%q’-"%-?r’ v g H “fh%ﬁ’ fe > /EE/’F/Fﬁ T4 R g'ﬂ/}%’.fiﬁ@’J T # ‘?E«Jﬁ‘
R R TR 7 RS [ T ORZ B Ry
T R v e RILARR A 2 R AR a1 o B ow AR S o
Wﬁm“#Wé*%’#%ﬂwﬁﬁﬁ@ﬁﬁﬂﬁmﬁﬁ%~E¢§ﬂgm§§g

;I’i/{h_lgilj :l:—» “_"—/kl {_;y_ °

Abstract

Lubricating oils are widely used in moving parts of mechanical equipments in order
to reduce friction force between moving surfaces. The life of mechanical parts can
therefore be elongated. After a period of being used, the function of lubricating oil is
deteriorated with time primarily due to the effects of working temperature and pressure,
blending of impurities, dilution with other petrochemical products, etc. Lubricating oil
should then be replaced with new one. The used lubricating oil still bears high economic
value and can be treated to produce various kinds of petrochemical oils. Mature treatment
technologies for used lubricating oil have been developed. Engineers can adopt suitable
treatment procedures based on their practical requirements to achieve the best economic
benefit.
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Abstract

The total amount of motorcycles in Taiwan has already exceeded 13.5 million and it
affected our air quality seriously for the environment. The Environmental Protection
Administration (EPA) has made strict regulations to limit the vehicle exhaust emissions
so far. Our motorcycle emission regulation is almost the most stringent of the world and
it can be the beacon for other countries. EPA has implemented the first phase of
motorcycle emission standards since January 1, 1988 and now it will implement the fifth
motorcycle emission standards from July 1, 2007. By the way, the driving cycle test
procedure changed from warm start to cold start. So, the standard is more rigorously.
This report is to probe into the development of the exhaust emission standards of Taiwan
and the strategy of technology to solve it.
Keywords: motorcycle, emission regulation, cold start
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Optimized Green Designation for BioDiesel
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Tzann-Dwo Wu! Oliver Wu®> Tser-Son Wu® Ting-Nien wu*
ke Pl £ 12k
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1 Department of Industrial Engineering and Management,
Tung-Nan Institute of Technology, Taipei, Taiwan
2 Daniel Energy Technical Corp., Kaohsiung, Taiwan
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i &

FEATRLTFIXAELY AP TS RoHS) ~ BT PR+ A& edp 4
(WEEE) ~ it iR ¢ * & 57k 3k 3549 4 (BuP) 2 ¢ %2 R 4 ¢ %dp 4 (PPw)tn
%+ 2006.7.1 ~ 2006.12.31 ~ 2007.8.11 2 2008.12.31 # »x > sk 2 A S E 0 M4 &
¥ A& (life cycle thinking)i (7 & &3k 3t o AL (a2 F8M 2 RE (&
I)RF 2 A FEAPIRFLSI AR TR EE LR
(Gp-DFSS-DRW3)%2 % ¢ % e < & » ()% & Xk mde; Q2 b4
L) AT A 4) 2 bk L > ¥ %~ TRIZ R 2% ~ Taguchi
FEER A B BB (AHP) 2 74 Tl bt g 2 R 2
%11: BDB8020 , A& # B2 ¥ 2 g w ~ 2 ks%Zaw i AP HEL G v
FoEEE 1.000 2 RAEEE 07120 FE LR E 2 R o Bif it 4 sk
Bl BV 3 adipd il Al BHAERE REPEELILR
FAFPFE R FHEEE N RS 2 R
B4Ese © 2 RN % R A HRPITE  FREH CEERE AR

A 17

Abstract
According to the European Union Directives, such as RoHS, WEEE, EUP, and
PPW which be implemented on 2006.7.1, 2006.12.31,2007.8.11, and 2008.12.31.
Enterprises have to face the global greening tendency. Maintaining the normal quality
management system or environmental management system is not sufficient for
responding to the trends of gren procurement, green consumption or green design. In
oder to help product designers or decision-makers to quickly meet the numerous green

BREE-V. RN R T-EE
ORI A
TR F R ATk
REEUNIP RS- 5 £ i
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requirements, the writer has developed a system called “Green Products Resource
Integration System(Gp-DFSS-DRW3) for e6 0 -Green Design.The related product’s
designation should base on “life cycle thinking.” In this study, to integrate
Gp-DFSS-DRW3 system, green design four process: (1)green product design process;
(2)life cycle inventory; (3)life cycle analysis; (4)life cycle impact assessment, TRIZ
conflict theory, Taguchi robust design method, and AHP to create the best mixture rate
which using different mixture fuel between BioDiesel and diesel in diesel-powered
engine. Finally, alternative II (20%BioDiesel + 80%Diesel) was developed (Priority
weighting = 0.712). It can effectively resolve exhauste emission from moving source
to meet Kyoto Protocol-CO2 reduction policy, enhanceto fit exhausted emission
standard of diesel engine, and adopt energy renewable and multi-purpose.

Key Words: BioDiesel, green design, life cycle evaluation, TRIZ, Taguchi method,
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- A4 ] 47%~96% » f it 5 T 47%~94% 0 B it & 7] 60%~94% -
2.8 & (Plant oil)
- A B 3%~95% » #id # B 3%~50% > B i # B 3%~50% e
3.7 # £ 6 i* & ¥ (Organic metallic compound)
& pk R 2 - B B 4ppm~100ppm > # & § ] 15ppm~70ppm > B i § F]
20ppm~40ppm e
4. 1% 75 #| (Preservative)
- & # B 10ppm~500ppm - # & §# F 10ppm~100ppm - & & # [
50ppm~80ppm -
Herl b2 A kB AR AT
(D1.+2.=a 2 4R & -
(2344 +a=h AR L2 A o

23 I FHREFLEFNL

,:;‘%‘d Cummins B5.9 31¢ ?i?]‘ fvd B F &%~ BD9S0S ~ BD8020 ~ BD5050 ~

BI00 %7 féjb 5> A W28 I FF R FRENFENL (Ao 54 ~f24 )39
#£ 2 US-Transient Cycle ﬁﬁfm; BHREZZF AR TR Hex XL {53 4o
2[14-15] -
#2251 FHRBEFLELE
g .
%P Diesel BD9505 BD8020 BD5050 B100
A g4 (Kw) 113.0 104.2 104.7 104.9 102.7
B4 fdiE 4 (Nm) 517 481 482 487 482
o 4L (g/bhp.hr) 212.7 212.8 219.0 225.9 244.5
#t| THC (g/bhp.hr) 0.435 0.309 0.355 0.317 0.274
# | CO (g/bhp.hr) 2.055 1.530 1.640 1.642 1.822
73 | NOx (g/bhp.hr) 6.304 5.743 5.777 6.012 6.56
Z| PM (g/bhp.hr) 0.1324 0.0993 0.1036 0.0997 0.0857
£ | P, (ppm) - 0.825 1.458 - 0.848
£|cCd (ppm) - 0.075 0.108 - 0.010
%| Hg (ppm) - 0.121 N.D. - 0.509
Cr (ppm) - 0.583 0.733 - 0.522
N.D. : Not Detected
€ &% 1 A4 § %12 PerKin Elmer ICP-OES OPTIMA-2000 & fis §fs & oot % ¥ kiR £ & Bk & -

5 FIR® R 2006.7.1

E IE Y- 3L-¢e

T2 TP FASE

ik #r g g £ (RoHS:

Pb-0.1%, Cd-0.01%, Hg-0.1%, C,°-0.1%, PBB-0.1%, PBDE-0.1%)~2006.12.31 £ &

T AL T T Ty 4 (WEEE))i 2007.8.11 &t e * A S$HIRE 4§ K
3+ 4p £ (Energy Using Products, EuP)[5] o " % ¢ k3 | &g 7 AT248% > 2 3 &

BF RZ AR B KR LE
HRAIFE AL T

Foujgtee BETZCERET I RAFL L filed

WA AR AR b AR

DR/ /R AT
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£ 2 (4R : Reduce, Recycle, Reuse, Regenerate) | 2. #7 & & ° & &R AL
A2~ ;“Lﬁ;]‘ % AT A4 o8 (Endoflife)fs 2 B3 Bl 0
PRE o Es TARS btk TEAREYES o F
ZAEW R RETRY AT - HT F PR/ E2F LT - Tk /;
it"‘rl‘é‘?\'—l[g—}ﬂ“%ﬁ}ﬁ’ }g/“l’g_"af”?/},%?/%/}gl‘?"‘i(“’k’#‘f ’* ¥
Bz @ ivi %4 &ﬁ*ﬁtﬁEupipbﬁ%iéifﬁﬁa@?ﬁ £
Tl% 2 EEH PR 0 B ROHS gtz 3 THFR* & 1t 3R &)

BTSSR R TP LA R ‘7"‘131‘1@? ’**bh’naiftﬁ‘fﬁw{
:kfkjé Bt B WEEE 2 Ap B 2R € % TRt 2 L3P 3 (Eco-Profile)2. ® iF - @ % ¢
SRR A S MR T &R 3~4 272 [1-7] -

31 %¢ & BR3P p = % B(Gp-DFSS-DRWS3)

24 e(G B ASK-T LGP EL-A 2 a3

= 1 #h(D LﬁMﬂ/?JAM%DPz;LV'%; E)T R B

* ﬁi;\i #EF % ﬁ”f:‘ %%}:J H BT A(TERE) ;ﬁd Visual Basic6.0 £ & = %

VA & H (44 3)T d API(Application Programming Interface) f § # ic % &

6>DMADV 2 B FHRE2 hgidid - 85 mg (%4 4 RR L Ld

12 s 5 (Gp-DFSS- DRW3)J (4rfl 5) > G d 2 232 ®Waga g A |5 oocg
12 % ;4§ (Decision)z_ * [6-7, 16-19] -

%3 % A SRk TR R §® 4 (Gp-DFSS-DRW3)

* GplIS-Excel

D Define * GplS-Access

* LCI-EcoReport

* Conformity Assessment

* DfE Matrix-Material

* DfE Matrix- Manufacture

M Measure * DfE Matrix-Transportation
* DfE Matrix-Product Use
* DfE Matrix-Disposal
* LCA-GaBi
« s
A Analysis LCA-SimaPro

* LCA-EcoReport

* GpQFD

* Gp-3RDR System

* Green DfE Matrix

D Design * GD-ideation-TRIZ

* GD-CREAX-TRIZ

* GD-Minitab-Taguchi

* BSC-ARIS-C&E Diagram

* BSC-OpenScorecard-PE Diagram
* Green Performance Indicators
* 1 page EcoProfile Report

* Gp-DFSS-DRW3 : 4 R R T g * GplS © 4 wigg R
* Gp-RFID System : g @ﬁiﬁf’ﬁ%—\ %A * GpQFD CICQ Ja
* Gp-3RDR System : ’sté' Agrocfd fIt EERA KT R

\% Verify

O R
¢ A
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EUP Filot Run Program

Products Selectionid i & B @

c REERA LA

+ OEM, QDM # 3 . & Reid 4

E |- #EBEWZAF

LINEES L ¥ 5

< B BN SRR
AR - ToMg - BHAH

1
" Kick-off Meatingii 45 &
______________________ _..
| L]
I
1 EUF Action Planit it &
I
|
I
I 1 2, 3 4,
| L) THARGE - T T 10E - $83 BEEARRL IR
I
|
I
" 5 6 7. 8.
I SEA fhf Faig RabriHER LCImveantary LCldantify
|
I
: - 10, 11. 12,
i LCAssassment EMS GO 2K 50 PDCA:E 57 o
|
I
| 12, 14, 15,
I GD#ay A REBL - iP5 - B Eco Profile GPak i ik « fig
I
I
|
I
|
I
|
I
I
-

N EUR v EUP ¥ EUP
== o Mat = e - = R
£ 8 ardy ooC
-l———-N ---------- -l—————-—EI -----
-lv
Eco Label
CE

B3 %d kg * &5 Green EUP 4 7 it 42 8]
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1.Life Cycle Thinking
Environmental Aspects

L
MET Matrix
U:;gﬁgzw Manufacture Diletribution Product Liss End of Like
Iaterfal
Energy
Taoxity
| Y
2.Product Modeling 3.Life Cycle Assessment
Ganaral Goal & scops
Principla dafinition
. . Irrl.renr.u.r'_..- Interpretation
- qualitative quantitativa — analysis
description miadeding
Impact ags.
{
GOFD 4.Eco Dasign Tasks Eco Design Pilot

/ \ [ smkehokier Brqursment | Fiaw Matenal Maretacturs
- =

Env. Parametar
I Digtribuson Product Lisa
GOFD | EBM
&H N EF. .
g, Erwircnimental Agzialan End of Lite
Asprcts = = = =1 EcoDesign
-I'; LCA Pikat
Resuks

5.Product Improvement

1.Product Spec,
2.Functional Structurs
3A.Creating Sessions

4 Product Concegt

5 Emboedimant Design

6.Environmental Communication

1.Eco-Label

2 Seli-dedarad Erv. Claim
3.Env. Product declarations
bazed on LCA Results

1 page Eco-Profile Report .

B 4 Green EUP % ¢ 2% 33
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ii = =
= ap L] —
. -
A ==
= af) » —-
=R
Oo o L ]
L]
L}
a -

Bl 5 %¢ & & T4 =k 5 (Gp-DFSS-DRW3)
3.2 4 &k P75 (D-M-A Stage)

B AR e S (ISO)>Y 1996 # 9 7 18 4F i 1SO 14001  4p B 42 - 2248 K
EREFTE AR EELRE H Y 14040 17T L2 Y TR 2 AP RS -
5 TCNS 14040 B § L — 2 S W=k — AR Z FH ) R 2 GFP =R
G ASKRMEEE LA R 2 RECCTHREIHDERL FERY 2
BEL RS HFAGE - 4 SANEET A S ()P 2 R 2(Goal and
Scope Definition) ; (2)4 ¢ ¥ # 4% & 4 47(Life Cycle Inventory Analysis; LCInA) ;
(3) 4 & & ¥ r¥ =5 (Life Cycle Impact Assessment; LCImA)£2 4 ¢ 3% 8 [ 2
(Life Cycle Interpretation; LCIp) » 4[] 6 #7751 o

IS0 14040
Foman

v k3
IS0 14041 ):::
BiEmm AR
A K I- E?mﬁ
b J ¥ - EaWRRAE
IS0 14041 IS0 14043
sunn  Je ol “wn | L] munw
r F 3 \¢___
- - - HEERE
[ IS0 14042 j::: .
P B RE I, 7T R !
e

B 6 1SO 14040 2 & 8 3= f R H2 "
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3.2.1 Define-# #

A 6FPLEE,~T(LCA) R AT ER T M E
2 FEE A ITE o AR KR RASEBRT B

L4 (LCI

n)

5}'&-5 F'&"}'E-*’b’ x| "’%47"} i®

() & dn 2t g
ﬁ%%@(bﬁwﬁﬁﬁﬂ(@yﬁg“kﬁﬁimmTMMMM%Q(@Hﬁ
VHK 2 EuP Eco-Reportit (7 4 & i¥ #) 4

AN IR AR AR AR

% (%7-8) -
# 4 (00000)tk & 47 fiE m N f247 £ (BOM)
PR E | % 7 E/ v s £
A& LA ¢35 | 2.4 | BOM +r iz G T o)/ CEAE Y e
Pb Cd Hg | Cr® | PBB | PBDE
# 5 & & & % 4 (; ¥ )(Sample checklist)
Life Stage 5 =3 4 ¥ @ B DE K %
Eld
it * 5
LR AL % iR
W T
Jel R A
Jel R e
kB4
2.9 4 e 381 4T
R R bkt
4 REG
ol A
FEAFR
3.9 KEd | Eug
Vv d gk
TR HB YR
%ﬁ?ﬁi
i :s'r 2 n% "
| BAFZLE G
SER TR e g
#6 %4 & FEL(MET Matrix)

A&t b 1. 47 42 2.5 R 3.F%5 % 4-K3F 4 5.2% 7% I3t
AA &5 88 (A, 1) (A, 2) (A, 3) (A, 4) (A, 5)
B.2 &2 & Wi B, 1) (B,2) (B.,3) B.4) B.5)
CiEgmped s X (S)) (S (€. 3) €4 (O3]
D& &% -~ 8k (D, 1) (D, 2) (D, 3) (D, 4) (D, 5)
EASA GRPRE (E, 1) (E,2) (E, 3) (E, 4) (E, 5)

it
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27 2 hAPERFL AP AL 28 2 hAPIEREL L

LCA check Item YES NO
1. Goal Definition / Scoping 1.Product System Examined
7 Me :
2. Inventory Analysis 2 Methodology .
N ; 2.1Goal/Scope: 2.2Boundarics
3. lmpact Assessmern . .
2.3Specific Exclusions:
4. Analysis. Interpretation. Conclusion 2 4Enerey 2 5Functional Unit:
Rt &) . L -
5-Summary Report 2.6lmpact Assessment
6. Peer Review 3.Results
7. Practitioner qualifications 4.Conclusion
§ Peference
& Termnology 5. Reference

3.2.2 Measure-2 F & 4 # *34 £ (BS) 4 {2

A&7 % 4 2 BD9505 - BD8020  B100 » B20 # 7 % ¢ # & » 45 EPA3052
M 1Y 72 38 74k & B2 > 4R 2 PerKin-Elmer ICP-OES OPTIMA-2000 g li*&%]!,f
£ bt sk 2 R 7 Pb(4s) ~ Cd(48) ~ Hg(Fk)¥r Cr(4k)z & BB > BlEER (%
9)5% £ g RoHS 2 %R %_o

92 FRMDEUSTER H & ppm
D NO.
BD BD9505 BD8020 B100 B20 RoHS Standard
Pb 0.825 1.458 0.848 1.488 1000
Cd 0.075 0.108 0.010 0.070 100
Hg 0.121 N.D. 0.509 N.D. 100
Cr 0.583 0.733 0.522 0.629 100

3.2.3 Analysis-2 & ¥ 8 A $7+2 &3 8 ¥ =57 (LCA+ICImA)

Fd 2 @y o470 SimaPro7.0 38 7 2 &l A drs R s Wie s ¢ K
Eh R EARE R T T A G B (B T[4-7]

3.2.4 Design-% ¢ & 3+

LA T Aaw D R WA e i‘%@ﬁ;‘] S FIEARE R B v T2 fF
B2 AT SN A SR/ WY > R ETE TR D F(KFD " R
s (RS) ~ %2 Tx%d 4 #%3p #(Green Performance Indicator-GPI) ;> 2 B¢ i % 4
L ILE 2 o HFELM AR 2L F] S 2 T Fonhgth ) HA SRS TS
A & F3§ F]+ (Noise Factor ; N/F)F2 8 @ &R EFHIEE(y)2 2 # D FE S
BB -FRERE > 22y B3 yn (ie. didn’t meet product specification) 2. 5 & 4f
25 F R %K (DOE)E v v 5 1 42(Taguchi Quality Engineering)i - 45 &1 224
BMEFE )L Fo X RHRap LB Sk B - 8 R L 0GR ST
Fhmipp ke rd 2 f4 » EFSFHF 2 QLR 22 % 4 583 4
A]3Y3 = : (1)Nominal-The- Best (NTB); (2)Larger- The- Best (LTB) ; (3)Smaller- The-
Best (STB) ; (4)Non- Symmetry- Nominal- The- Best (NS-NTB) ° 4f i TRIZ (Theory of
Inventive Problem Solving; TIPS)I2 % 2. 40 58 £]#7% I & B (TRIZ 40 Principles) ¥t /&
39X39 FF 1 42 BB L2 & (Primproving X PAvoiding Degeneration ) (TR % % 10)£2 %
k1 B (CREAX, ideation) ~ 76 1& % f#(Standard Solutions) % % 34 17 (Su-Field
Analysis)it (7% ¢ &2 SRR F > fFA12d FERHNEEREIRILFTEP 2 5
B 225 [8-10, 16, 19-23] -
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ishsbkhh ks sunsenanniid

ey dwp by Semw e S S mOR RS VX RRR mW mN e e R
[ e -
- D % s s £ oy

Tl e ]

5
W5 Din [dt Caledatw Jreim e
TR LS kWS v |5 e S omll | B
Srom | smpct amampremnt | ity | Pracees: ottt | Satay | chuen 1]

= Al Bl [zleA rix[w el =l =0 e'i

B 72 F8 2 &3l =G o4
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3.2.5 Verify-% ¢ %%

a0 & Tagucli(DOE, R/D)~ ;2 #-3* i % »x(functional performance) 3+ & if it » 4
HAplik# 11.Pugh > R EHEL2 2 AFPFRiF L&A B 5HA 1772 (Analytic
Hierarchy Process, AHP): =% & i > % > 44 T %3 | Sk o LRk mads T2
1 1% it (Ideal Function) | °

% 10 Altschuller #% (E'L) %

QF i Sk Lop 20 30 |, 10 |, 39.
1.
2.
3 p @
39.
®: %P Rl (#1,27,28,29)
v
% 11. Pugh Alterative Chosen Matrix
Al
Criterion Alt. 1 Alt.2 Alt. 3 Alt4 AltS | Alt.n
Cri. 1 S + — - — | S
Cri. 2 S = — ¥ - [ +
Cri. 3 — S — — — | -
Crin s n S + F n
¥ 0 2 0 2 I 2
I I 3 2 I I

*S ! Similar (O ); + : Better ; — : Worse
** : enhanced top 3~4 alternatives (+Concepts)
*** 1 attack the other weak alternatives.

E\%&%ﬁ&ﬁ%

B A 15 (AHP) B R R RA K 57 B R S A 45 0 LR
R o AHP HA SRR ATA & w i A s (Level) : (1)B H(Goal) : 2 1+ 54
P 245 3080 2T 5 (2)#er(Objective) 1 & & 11+ £ 3] B 482 = j# 1 (3)3 BI(Criteria) :
o I 7= fheen2 38 P 5 (4)7 F(Alternative) © B & IV > fi# iR ag2 = 2 5 H R}
(77 4238 40 [20]

1. = ¥+t & (Pairwise Comparison)
;ﬂ"ﬁ“} AR E B2 B XA A AL RAaEE(A) o
A = (aij)

.. Wi, .
=— =1,2.3........

He W gt et @ & 22 (activities) 1 £ (weight)
NS EREEE Y 2 A F R
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2.7 F K 2 R E
ﬁﬂ IR '\‘ 1‘}?4‘& ;PL"I%UE' (xmax)u » A H':'%] Bz é‘
AW = }Lmaxw

Zalj Wj

/1max °

3.— &k 2 (Consistency Test)
- % {t4p th(Consistency Index ; C.L) & g MR- KL g & -

Cl— Amax—n
o n—1
(HC.IL=0.1-----—---—--- E-RECTEIMRAESF
2)CL>0.1--2t = R > T & BT B o

4. %% & € (Priority Test ; Pi)
B R ERZREALE D FARERLBALTS

41 > hEH

R 2 E TR 5d K B4 17 (Analytic Hierarchy Process, AHP) » 4 21 Z B if
* % (Optimal alternative) - E#H %4 2 Fd b iz e &£ f 5 GHR > 4ol 8- H 1 &
Jf—r-f’ﬁ(GOEll)f—;r R IE & 2 FLY A PR (Objective)f] 7 = : (1)H 4wl s
2)ga s )ik ~ Fuiplt o L?E (Criteria) ] F1#&e12. 2 oA B o 35de™
(l)ﬁﬁﬂi(TECH)~ P R

&%Mﬁﬁﬁ%&iﬁlﬁ@u%ﬁﬂ

b.2 Frow e &2 &2 % R A2 R (SATISFY)

c.4 b A {2 4L £ {H(FEASIBILITY)
(2).@ A (ECONOMY) 2 2% 2 I :

a# &»cF + & (COSTBENEFIT)

b 2R(h 4% ~ 5 % ~ k€)% 4 (EXT. COST)

c.ib 5 2 B 4z & (IMPACT)
()i € ~ 5c;5 B(SOCPOL)2 %7 3 B

a <R M 6 422 (GOV. SAT)

b.® 45 % 2 $ % £2.2 (MFG. ACC)

CH R F F 2 i 2 B 542 R (COMPETE)

S ERREF = (1) % 1:BD9505:(2)~ % I11:BD 8020 (3)~* % III:BD 5050-

~# 7 %2 EXPERT CHOICE 2000 i #73k 3+ 2 GOAL > OBJECTIVE -
CRITERIA > ALTERNATIVES & QUESTIONARE - & 7 & & % (LEVEL) & 2
PRIORITLES ~ IMPORTANCE PAIRWISE COMPARISON ANALYSIS =
INCONSISTENCY RATIO # = ¥ =+ % # # - % & § =x CRITERIA &
IMPORTANCE(.e. WEIGHT) 2. i * » & % 4r % 11-14-INCONSISTENCY RATIO(ICR)
B3 0.1 0 EIEHFT ] 90K 3 2 f& ch(OBJECTIVE) % 2] (CRITERIA)$57 4
(Acceptable)® § & & o &304 13-14 ¢ @ T2 &I, AN EH 2272 Ba v
®ARITE e & 1}3:}%]-1*}&?5,? AR e b B HELE 1.000 2 B EEL 0.712 0 7:F 5 B
e
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Creen BioDlessl

Thehnology Bcono=y Socal & Polcal
| Dusify gaiehy | |Fembiy | Costd Banet | | Estersa Cost Imga! "_‘;‘:;L“" """_l':':‘;‘#'“' Campeledon

NS

BOA505 BOB02D A0505]

B8 %d 2 Fuhitotkaim
12— B R - R AR T A

PRI & ICR. PRIORITIES INCONSISTENCY
OBJECTIVE RATIO
TECH 0.758
ECONOMY 0.184 0.100
SOCPOL 0.058

F 138 — a7 - k2R T 4
PRI. & ICR
PRIORITIES INCONSISTENCY RATIO

OBJ. CRITERIA

QUALIFY 0.709
TECH SATISFY 0.179 0.051

FEASIBILITY 0.113

COSTBENEFIT 0.731
ECONOMY EXT.COST 0.081 0.062

IMPACT 0.188
SOCPOL GOV. SAT 0.709

MFG, ACC 0.179 0.051

COMPETE 0.113

214 20 %2 BRELL
TECH ECONOMY SOCPOL

Alternatives 0.7580 0.1840 0.0580 Total PRTY
LBD 9505 0.1233 0.0395 00112 [ 0174 | 0124
ILBD 8020 0.7766 0.1530 0.0704 | 1.000 | 0712
1ILBD 5050 0.1957 0.0170 00177 [ 0230 | 0.164

i~gw
1970 # 23k 20 p % TERMPP PR 2 RF AL PRI - F 2R 702
BRPHE EE2RRRFERELEZ - FTERAR? T 2 2 R
T RS TR g DorEG B SR s R AR AR
54 (Biodiesel) > AR T AR > ¥ F F R B AREB 2Z N E o EWEFIRD FAEL
THFAFE RGN > ¢ TR E A Sz w1 B g IR B SR
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o T%4d & 5 (Green Product) | © 2 *ﬁ % G T S SR G
(Design & Development) ¥ o * BE BATHT T XA #f * & 4 Fap 4 (RoHS) ~ &
m%?+ﬁfwk@£m®m)’ i%ﬁ#é i & (PPW)R iR * A &Ik
’;‘J{“L#ﬂ (EuP)#p %+ 2006.7.1 ~ 2006.12.31 ~ 2008.12.31 ~ 2007.8.11 2 3z > p ki 2. A

F00 T4 e e (life cycle thinking)i& 17 2 F3k 3t o AFT 3 (s Fraew 2
Iﬁﬁ?“(.ﬁiﬁ)\%{?ii% BEAPTRE2L%I AR P::;Hr*ﬂ* R L
«bDK&MN®£§3&?E%m® (D& A &R mse ;s Q2 pFPHE 8
Q)2 &FH AT (D) 2 &FY EF =G > I ¥~ TRIZ #FR 2% ~ Taguchi &2 %
R E RS REATE(AHP) T2 TR R B2 AR T2 R 11 BD
8020 ) A ER B2V E PG e~ XA F G e ERABHIELG » o UAESE
1.000 2 #EEE 0712 =E 5@ > F o Bt 2 2 FRRBBED 0 E > BT 3
RfEABEFFARTEZTFMPEE RIPERELIEZF AR AR
Begihs ~itz piko

g\‘igé};k
LS 3 BRLTELR YRt mg o FUHE B2
FHFEEHE P ENREFE 0 pp 958972 91 & 111 o

2. F R EWHEAME RS Y BEAEE 2 RARERE L A A 2
T P EARFT BT AR RER R > pp324-344 5 92 & 10 1 o

3. I HEF > ARBLGI RFIEHARER N 2007 AT EEF
LA EFITE 0 CHAEIRAEE 94 EI o

4. 2 ¥4 &Eyv’yéﬁrgﬁﬁi*zllpfﬁﬁ\f:‘—f7/35” 007 #1F71%
LIATE PR G I g ARz A 1 S HpF T > 94 & 9 ¢ o

5. EFa ik g TR HEE RSy BIRTFRFE 2O
T FFLAERTFEFAE o CHAFEIRIAAEE 0 94E1L -

6.5?54:?; TRHE R IR LR AR HP R LS A5
EAR R R I iA LI B AR l@ﬁ;i?!%;‘élﬁ % 2006 % B 5 RB B i#F g F
LR RERER g SR G 2 L Tk § 3> C-48-50F »95#57 -

7. ffﬁ ﬁpgz}?’is’.ﬁﬁji’*‘: ]d ,5,E}7Q ,}'5’9‘ %,*#‘&1@’5”31327](%&‘%%1
LR BEFES L SO0 FFLEFRTFRFE > BB FIRILAE
¢ » A-20-1-11F - 95#11°* -

8. % KB WHWALfRAC L ABE 20067 EFL(TRIZDE ¢ - LEmER
PR g 95 117

9. % #4485 e60-GD76Ss % J F3F TR F 1L ks 2006 ¢ £ 5 L(TRIZ)E ¢ &
— BEWER IR, E 0 95E 1Y

10. % 4% > % & FHA 45 2006 ¢ £3 L(TRIZ)E ¢ # - BB FF 71§ > 95
E117

1.2 %8> %3¢ X' FR 20074 4 $3HFEFLFT  F73HE 9E]17 o
12, SR ¥ 5 > #2074 107F > 1995 o
13. ¢ AR Fprie g » B X FFEFRAEL  FL EB 5 0 2004 -
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14.

15.

16.

17.

18.

19

20.

21.

22.

23.

B L, G274 TR S G R A7 R By - FHAEREEX
A AT L % v, 2002 o

BT R, BETAMG A PGAR TS R A G R
BT A, 2004 -

Tzann-Dwo Wu, The Study of problem solving by TRIZ and Taguchi methodology in
automobile muffler designation, TRIZ Journal, 2004.

Tzann-Dwo Wu, Six Sigma real-time decision making management System for
integrating production, D&D, marketing, and finance management in Taiwan, The
8™ World Multi-Conference on Systemics, Cybernetics and Informatics, pp.439-446,
2004.

Tzann-Dwo Wu, Resource Integration System for Six Sigma Green Design in RoHS,
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Abstract

The reaction characteristics of propane in a pulse detonation engine (PDE) are
investigated numerically using the CEC (chemical equilibrium compositions) code. The
simulated results in accordance with the detonation of propane suggest that the higher is
the initial pressure, the higher is the detonation pressure. But the effect of varying initial
pressure on the compression ratio is slight. The best reaction occurs at around the
equivalence ratio (¢) of 1.25. The equilibrium temperature after detonation ranges from
1200 to 2900 K and it decays significantly from the condition of the best reaction with
increasing or decreasing ¢. With the condition of fixed ¢, the sonic speed after detonation
is in the range of 788 m/sec~1040 m/sec, but the influence of the initial pressure on the
temperature and sonic speed is unimportant. The highest detonation speed takes place at
¢=1.25 and the initial pressure of 5 atm where the detonation speed is 1855.6 m/sec.
Accordingly, it is realized that one can obtained a better detonation result if the engine is
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controlled at the slight fuel-rich situation, and the obtained results can provide a useful
insight into the design of pulse detonation engine.
Key Words: pulse detonation engine, pressure, compression ratio
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Abstract

To improve the fuel consumption and performance of internal combustion engine,
new technique called variable connecting tube system is developed in 2 wheels scooter
engine. Using the technique; the charge efficiency reforms both in low engine speed and
high engine speed conditions. How to design and define the variable connecting tube of
inlet system is difficult for scooter engine. This paper is going to discuss this technique

and methodology of the system.
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