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Abstract

Due to increasing environmental concern, natural resource use must become more
efficient. Asaresult, green design is now an important research topic. The goal of green
design isto improve the environmental performance of products by re-designing the
products to make them more modular. The goal of thisthesisisto create a green modular
product design method by the concept of the activation energy of chemical reactions. The
method uses five product functions and five product attributes that affect green
performance to group parts into functional modules and green modules within each
functional module. Considering both product functions and product attributes
simultaneously assures the feasibility of the modules that are created and improves the
green performance of the product. The study uses the method to group partsinto
functional modules and green modules for aLCD monitor, a desk lamp, and an electronic
dictionary. The study results can be used to show designers how to create innovative

green products or improve the green performance of existing products.

Key words: design method, green design, modular design, innovative design,

re-design, activation energy of chemical reactions.
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Poll = Weight X Indicator
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Three Configurations that Characterize a System

Relationship Parallel Independence | Sequential Dependency | Coupled | nteraction

SEER| ]

Graph
Representation

DSM A B __|AB
Representation A m n
(Bl1 (B[ 1]
B 22 FiEfez ﬁé%%?ﬁ@ %
A hE B R RN RS BRI g - BRR R

pUg B PR L S G - ke o Wang F A & ) = Bt 12 (two's comparative

algorithm) 14 2 i §% 4 7 ;% (loop analysis) 4 4 # #i-% » H 2R 4

= Bt 2 (two's comparative algorithm) @ 42k 3- BB L i g & B 405 51

ALE FE G FI SR ERN R Ll B (LA B)REF 5 Bl

—N

o d o FHIE R ST RER - oW 23

Task|[ X2 | X3 [ X5|X6 | X7 | Task| X2 | X3 | X5|X6 (X7 Task

X2 1 X2 1 X2
X3 1 1| X3 1 1 X3
X35 1 1 || X5 1 1 X6
X6 |1 X6 |1 X7
X7(1 (1 (1f1 X711 |11 ]1 X5

Bl 23 = g

i g A 470 (loop analysis) : B~— F i ivdcde ik Ao A L F N E b gL pE

Wi

B G RO TER SRR AR 245 X382 XE SRR
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FRBY R A Sh%d Pl Spe b dit%d LA Hmn o

Ao B ASS GED P KA AMERT - LA SR F T
YA SRR T R T A G R EFAN AL SN G
TRl ehflid s @ % 1R S AIE S A bldow e s A 22 E 1% % - Newcomb
¥ A(1996)#% 1 - BANKFBHELOERBHEAEE O IRET A AT M
fike & (modularity) 5 ® i3 3 % o - BEIER A7 ks SIXP R > s

fp ifd S ¥ - BRI G e B o B e

Newcomb % % i®7 & i K
1L 8~ SHhAd &an 5 0 AFN e e 37 s wofe s JRIFUE
s F BT 2 (s g daiE R A yrd o

BROLAFHHEAI LA B2 GEPRBL] F e bhw e
BRI GEXHPHER > L7 07 Fihd GEFHEIL(FIT FHE LA F)
b Bl s FEAR A AT L el e ﬁ&:}p AT~ HA R L
Fl# 2 %2 L PRE L TS PR o ol T RRFE  FRE U R AT

- A é—f? , Jrl;wf *4{‘ FiERAE AW ’](:‘E 4

FIr R pEL A B E IR 2 2 2 - 2P - Newcomb % 4 #-
Ry Shelamid B L FER1I 4 U EELIH 13540 % 045

BAARE

#% > Newcomb & 4 x 3% 11 & SR >N s 5 = 54

1. Correspondence Ration (CR) @ 7 & i & BLELA) = ehfic ke dhgp i
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Vi) & 7 d ViREA S 0 2 ¢ 5 X @B e .

X[t eng HERSEOLLEXE pad 2Bl
S L TR R It

2.CR
No.of modules

CRoverann =

2. Cluster Independence (Cl) : & & itz B e 3 1%

£F > # CRyea fv Cl 4p 3k » 7 0 7 3l et 42 & (modularity) o 4] * gt 23
W BHELH 2 > 7 URBRLERFOCR A Cl & 0 £ 4F 4o o 8 4o £ 47K
28 CRArCl Eedr% CRIES » & 7 7 FREBATH = il p F £ eh
TN A RESE T 2 AT ok Cl R » 275 S BRI EL P o A
AHCE e B ox FAIASE AR T LB R > 7 R RLEET A
Aol o I RS R RN s BARF RS T L AT TR A KO

HEJE IR JRIR £ R E TR 20 A2 FTA & £ » modularity st B 5C

FATR I R4S CR e Cl 4R = 5 - R4 A 52 modularity & i & 7 o
Gu ¥ 4 (1997) &7 - fav d = F AR RGP E Tt KE 2 iE o 2

PRI AR P AE S D R F15 0 RSB T Y AT 0 A g

Bipdt B Ap SR TR 0 RIS AR TR B 2 Rt B RA R
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GUE 4 eh= 25— % Lypidid 7rat e 2 ehp > 12 5 B P A Bt

BFF TR PN T T ARR o blcg T N PR T A 22600 3 (e

TEARR AR
% 22 F¥AFEp hent T iEH FF
Relevant Factor Interaction | Weight
Attachmeant 10 0.45
Felative posiion B 0.35
Exchange 8 0.05
Frequency of failure 10 0.05
Repair similarities 5 0.05
Down time similanties | 3 0.05
Total weight 1.00
Frip X B F]F 0T 0T RR (S ,?J‘zsi'ﬁ A3 R T (T AT D

AL TT > Gl4cR # ifeR @ jhliZ > f1% 25 cfp B Fl+ &2 23 8% LR
TT;; = 0.45 x 10 + 0.35 X 6 + 0.05 x 8 + 0.05 X 10 + 0.05 X 5 + 0.05 X 3

TT % - Aﬁ_ﬁ_%@. ¥ AR AEX S 100

BEZ2ATFE O a0 5

n-1 n
U= Z 6;jTT¢icj + Pe = Minimum
i=1 j=i-1
He o 2] ak-fem §;=0"FR 5 1;n PeRl Az F K1 a0

BEL G TENA R RSAELE LA R RS HE IR

N

FoRVUEIRESE S B RO R E
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PR ET AR B ERTE T e sk E Y B RcE R4
Pldcke B~ chd ded 84 > M B4R 5 T4 0 BiERA BRI ol o
REGRZOEZLEARIRPRAOERY S PR 2 P AREE B AR

LR e AR §f§1"t#%ﬁf* » B Q’;Eg& s A P E o

o

Gu % 4 (1999)fs k* 17 ¥ - EH B AR % o BF g pp R
AAefg o PRI AT Sl BT BRIV R o MRk oo
GRS Z B RAR L I IR AT A o g 2 R R

PR BT o R BERT (A4 B S R L F i 7

AR

ZHFIApMFEE > IV URREY R S BRIk

FPRYESBES B o g e LA 3 % e i 2y Lk o
YuEA01D)# I - fERpEE EHA e s SR el s FRE S
HEARE S T wfc @t v L A% Peh 2 o YU R A BB % PR L S S S
Blechd £ > fz L e skd 4 (Modular Driving Forces, MDFs) o #-% i @ #75 &
2 e MDF B3 #4p 40 7 22 4 11§ 12 78 45 L (comprehensive relation matrix) » 4o

23 -
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Grades of contribution of two components with respect to each MDF.

MDFs Grade  Description
Function (Fig. 1)

Strong 9 High contribution to main function

Normal 3 One contribute to the main function, the other to
subordinate function of THIS main function

Weak 1 Contribution to the same subordinate function

None 0 Contribution to different function or subordinate function

Geometric position (Fig. 1)

Strong 9 One component inside another

Normal 3 Constrained by other 2 components (3—4 degree
of freedom)

Weak 1 One component contacted to another (4—5 degree
of freedom)

None 0 Having no direct relations (5—6 degree of freedom)

Connection pattern (Fig. 1)

Strong 9 Connection by welding or chemicals

Normal 3 Connection by fasteners like bolts

Weak 1 Connection by spacing

None 0 No connection

Component lifetime

Strong 9 Components with longer physical lifetime than
functional lifetime

Mormal 3 Components with long and different physical,
short functional lifetime

Weak 1 Components with short and same physical lifetime

None 0 Components with short and different physical lifetime

Material compatibility (Fig. 1)

Strong 9 Same materials

Normal 3 Compatible materials

Weak 1 Not completely compatible materials

None 0 Incompatible materials

Recyclability

Strong 9 End-of-life intent: reuse + reuse

Normal 3 End-of-life intent: recycle + recycle

Weak 1 End-of-life intent: reuse + recycle

None 0 End-of-life intent: reuse/recycle - landfill

REBEEL? chaid cj 470 FERFOMBAE > 5 HH 5
Cij = Wig X Frynij + Wia1 + Wop1) X Fgepij + (Wigp + Wai2) X Feonij + (Wap

X Flifij + Waz X Fpgeij + Was X Frecij)

16
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Life cycle oriented

Modularization
0.5

0.5

Functional
MDF

[ Life eyele related MDFs ]

0.35 015 0.05

‘(I.I.‘

0.15

‘u_;s

Function ] [ Structure ] [I.il'clims:]

[ Matenial ] [ Recyclability J

Connection

Geometric
Position

Bl25 fEEApe

Fegy T8 R e 4 B GRS EIREL S

[id =g L
i e

e

Bl if & A2 R ehdn o 4 H AL FlIE B 2 (Grouping Genetic Algorithm, GGA) #-2_ #.

Gt RERAE R R

~2

Yu % 4

2@ Y
LY Fi"

yAER s E N RS

B

it & & (functional life) - 2 # » 32 2E & 4 7

PERTIHNEIER A EFT2ZER

LR R T Mt

=

HAEAREH S w2 17) £ adf o

oy BEEE =N el R s

RF R PR E > TN ERE e

,"

PR o MR

Umeda & * (2008)#% &1 - f& %5 & % 5
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P2 Bl el 2 cUmeda At R - BAFLREL &
T LRAENGHFARLSFDRENEE  RE SR - > LT
FH ST ERRESE ST AR TR w g E A SR HRT NG
Fren# ¢ 3% 8 3F 78 (LCP, Life Cycle Options) -

Umeda % £ 72 2 » .,’F_!ﬁ;f]%ﬁv?g%é FASMFREOSPETR  F R
MM R R R REPd GFYER AN DT AR EATH e S P i
B R en Y - FRELFIT T Op e %k pk 5t ) 4 B2 (SOM, Self-Organized Map) » 143+ 5
EurFREBE L ap iR NETRERARR A ST E L S BRI
FoBEF AR MFEAE S IZEBRNTAMNAESPTN o R FEF R
NELFTANFRHEHEE o A5 - FERAL BN LT SR RAl SR VL

- —E- BRES G AR T BEEAFE LAY - PR

St
)
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T
w
=
e

/37' A E R o ¢7f§fa /‘f‘g i =

I
pic
i |
(o,

=
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i
]

W R e L L B s 4

=

147 T 4TI o

Umeda % + ¢ * 7 SOM M E 3|4 & 5 fahaice s 3 - SOM 7 41 #
p i skAd g e g (Self-Organizing Neural Network)jgt 4 7k Bk e & 12 4 ¥ - Umeda

:’E/\'ﬁi%‘J' A EEDEME S SOM e s A S BEF > A7 B

4 G PEFR L SOM > HFHAPIARR > WEFI A F o ot [ F1]d
4 G I EIE S ELEER A e o
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LCOPs and their weighting attributes

LCOP Weighting attributes Objective

Recycling Constituent materials Grouping components of which
materials can be recycled
without separation

Maintenance Physical lifetime Grouping components with short
physical lifetime for easy replace

Reuse Physical/value lifetime Grouping components with long
physical/value lifetime

Upgrading Value lifetime Grouping components with short

value lifetime

BEOLEANT A BHESHESIL o B - o P e FenF

IE R - BEE o FEF SLAD > P E R EE N A A BELE 2 BlheT 47

>

TR SFAP L TR TELER R 0 R LF- BRELSP I IRET Y -

BAEN - HEOER o FLANBEFRT > FEIFENMEA] R FREE

7

f;" ’vgr' ,5 g,gﬁ_‘aﬁméﬂilﬁﬁl.ﬁ

PR ey Z FFERAT o Umeda £ 4 & Bfa Mt S e B da i b anidic

B

TS
S
2
_\gi
\Fl

BE7 0 M - FEARRED SR TR FATERT e
% B (modular density) » 3 Hie o F 2 B fF B e e g I E o
B - BRSSO TR ¢ 7 e s B (convex hull)2 #84% -

;‘iﬁﬁfﬂ‘tw\i %}t’g a%\j\'—’kk 7 éﬂ-ﬁ’f?ﬁ”ﬁ?é"

Um&aﬁ&j%@—-%ﬁa:ﬁxyﬁﬁﬁiﬁngijﬁmﬁp§@gﬁu;

B a2 4 o
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Umeda % 4 Z_& & 5ot e & (Modularity)4c—™

N
Modularity = Z Z Connection(x;, X;)

k=1P;jeMy
B0 N ASP AR Ms A 57 % Kk BICE Py 5 B

PR EO e R NAZ > B LA S et e B 0 T E F T B

TS
e
F_*
v
ok

EER =T

Umeda &+ & e 27 p i £3 S A S0 B2 €0 o &P ER
£ rlipl 2 A WERS NG R g R P BRI S s F Ak o

BE LA BANSPMG Sdod 0 hp BHp RIS s FAE s

A

&

ol

BB PR f e 23 o Umeda & 4 e ik d vy £ s e R Tk
B RAYAREITK AR T § ERATOE S FFRETRAG 2 h
R ARG U A R R LA A S R R RO B B

Tl £enf o ¥ ob s Umeda & A e B R TiADIBR ¢ “Wedairis 1 B

PR AR T i g T A P Pl e T e

,%_mﬁfé)i P T A - T ARM e

FA KB R R E S B R F R A ¢ A

Wk SHEL L ¢ o Lal &2 Gershenson(2009)# I - A A SE &8 T
DR Bt bR AT 2 o A 2 N E 31 425 4p inaErE (process similarity

matrix) "2 % 42 5 ¥t i 48 'L (process dependency matrix) o #2 5 Ap e e 37 R 2 53
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A1 RSEAL R AR 0 @ AR R SRR S 30 (S AR AR B AR Y AT B i

LR
WA iE A B S a2 AR B andp o Lal 22 Gershenson 3% 1 7 - B {8
PR AR AR 1R R (R 25) o S A RA BV w Tl s B P F I AT E R

Moo tmd PR v ouE 2 DR R AR B o

%25 B ITARRABAE E

Retirement similarity factors Similarity

score
Components could be reused together 1.00
Components could be disposed together 1.00
Made of the same material or different materials with good material compatibility 1.00
Made of different materials with some material compatibility 0.67
Made of different materials with limited material compatibility 33
Components Both Both the connection types and the disassembly directions are 020

with the same ; Made of i - the same :

o i components Jade of mcompatible - -
post-life infent b ‘ Comp The connection types are the same, but the disassembly
will be materials with complete o e ’ 0.10
ecveled ‘ L directions are different
recycle incompatibilities so - — -
s . The connection types are different, but the disassembly
further disassembly is S ' 0.10
. directions are the same
unavoidable - - - —

Neither the connection types nor the disassembly directions 0.00

are the same )
Both the connection types and the disassembly directions are 020

the same )
The connection types are the same, but the disassembly 0.10

Components with different post-life intents so further directions are different )
disassembly is unavoidable The connection types are different, but the disassembly 010

directions are the same )
Neither the connection tvpes nor the disassembly directions 0.00

are the same )
Maximum similarity score 1.00

> HERY >, sy FR 4 s o2 - 5 48R 44
# % > La & Gershenson £ = 42 A "t BB o 2 B el 4 £ 7 Bfd B B

FRIIALR S R TS
Accessibility : 7 81 4 7 @& 45l § 2T o
Disassembly force : 45474 € & 454r 973 # (% o

Positioning : & F 7 & #rr¥ti= o

Tool requirement : 1 & §_Z ;

£
A

Materia handling : € & ~ A5k ~ < | B8 ag2ig b o



Fastening : & 2 i » M2 % 243 N erdsargpd o

<k
ek
=g

Tip B RJLAE RS R 90T 4 (40 Lal &2 Gershenson#: * 1 Desa

% Mital(2003) » 14 2 Papasawa(2003) % 4 {1 * s FASL 5]+ £ 1 £ (% 26) -
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Retirement dependency lactors

N Dependency . Maximum
Design B . - Interpretation ~
. Design features Design parameters score possible score
attributes
0.0 Shallow and broad fastener recesses, large and
’ reachly visible slots/recesses for snap fits
Length, breadth, depth, -
. . . . Deep and narrow fastener recesses, obscure N
Dunensions 5. and angle made 1.6 . 2.0
o . . slots/tecesses for snap fits
Accessibility with surface -
of 3 50 Very deep and very narrow fastener recesses,
1 e slots for - ADET S .
grooves slots for ])I.} mg open snap tits
Omn a planar surface 0.0 Groove locations allow easy access
. 5 Groove locations are difficult to access, some
Location On an angular surface 1.6 . ) . 2.0
manipulation required
In a slot 2.0 Groove locations very difficult to access
Straight lme motion 0.5 Little effort required
without exertion of Push/pull operations 1.0 Moderate effort required
pressure 3.0 Significant effort requured
Straight line and - _ 1.0 Little effort required
L . Twisting and push/pull - -
twisting motion without - 2.0 Moderate effort required
o operations - - -
pressure 4.0 Significant effort requured
. Straight line motion . - 2.5 Little effort requured
Disassembly . . . Inter-surface friction - 1 - -
- iy with exertion of . 3.0 Moderate effort requured 6.5
force and/or wedging - — - -
pressure 3.0 Significant effort required
Straight line and P, 3.0 Little effort required
L . . Inter-surface friction = - -
twisting motions with . 3.5 Moderate effort required
S and/or wedging - — - -
exertion of pressure 3.5 Significant effort required
Twisting motions with 30 Little effort required
- . Material stiffness 4.5 Moderate effort required
pressure exertion — - -
Significant effort required
Mo accuracy required
. Axtial Symumetry Some accuracy required
Level of aceuracy - -
P . e High accuracy required .
Positioning | required to position the - - 5.5
) 1ol Mo accuracy required
Axial Asynunetry Some accuracy required
High accuracy required
No tools required
) Exertion of force Common tools required
Requirement - T -
. . 3. Specialized tools required N
of tools for - - - 3.0
. 0.0 No tools required
disassembly . . -~ -
Exertion of torque 1.0 Common tools required
3. Specialized tools required
Component dimensions 0.0 Easily grasped
(very large or very 3.5 Moderately difficult to grasp 4.0
§ . small) 4.0 Difficult to grasp
C omponent size = = Y
.0 Light (<7.5 Ib)
Component weight 2.5 Moderately heavy (<17.5 1b) 30
3. Verv heavy (=27.5 1b)
. 0.0 Light. synunetric
Material - - -
) 1.2 Light. semi-syuunetric
handling - -
- 1.4 Light, asymmetric
2.0 Moderately heavy. synumetrnic
Component symmetry and weight 2.2 Moderately heavy. semi-symmetric 5.0
2.4 Moderately heavy. asynunetric
4.4 Heavy. synunetric
4.0 Heavy. semi-symmetric
5.0 Heavy. asyiunetric
. . e _ 1.0 One or few connections
Number of Number of fasteners used to connect the = - -
. ) 2.0 Low number of conmections 3.0
connections components - - -
3.0 High nmunber of conmections
. . 1.0 Socket joint/snapeonnections
Non-destructive - | PO - -
Toining 2.0 Screw/tlread conmections
’ P 0.5 Welded conmections 20
method . - -
Destructive 1.0 Soldered connections
1.5 Adhesive connections
AMaximum dependency score 36
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AT Rt W ERE 50 L Hli (Remanufacture) 1 2 w iz o B ¢ > L #id h
TEASG R AFIRTFHELNFE > - kSRR 0 2 ¥

B e T RAL R 2 A 0 T AT B i R TR T D R 0 R ik AT

g

Tchertchian % * #1 % _%& 4 52 e

Current Product Architechture = 2 Current Module i

H ¢ : Current Modulei = ), Component j

Tchertchian % % #7 & ePATA &% Hde T

New Product Architeture =

Z Actual Module — Z Component j + Z New Component k
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B9 OTRFL IR AT KB PRraOBERE ¥4 d3- 23 NBZ

g d > HE- RO ARk WEHER S N-D £ a2 5 N1 &b
W R - FEAE - # R BEEREREA[0,1] 0 A f A R R R

B kiss 5[0,1]0 P RE s e A EL FC P 24 g Flink -
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ugjam Ko BR M T A A B R E S BT

TR A w AR | R B REM R | MM | R MG His Bk
1 1 0 1 0 1
2 3 1 0 0 0
3 1 2 3 1 0
4 2 1 2 1 0
9) 1 0 1 0 0
6 1 0 1 0 1

BIF r2d b @A s BR g s @34 AC

# 310 EfEL AC

0.12
0.16
0.28
0.24
0.08
0.12

S| O | W D

- BREDCEREEAEL > AFEHE B R AR P TERARS

BRREIRRARS AT ARG ARG H B R AH S LR .

SA3 /B L FF B2 F it

AT R - K5 L (William Lewis) & 1916 # 42 ) > B @by o v &
FR#FADGE CFF i d o 5 AR il 3 ARRIT > T 4 pidE
AR B2 R oKD R F2ZFFAIEREIF - T A2 VFF B B 0 o

RSlASF o X 304 SR 8 £t B end ML o X ASIASE BTA R
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ARRRE S BANLERL RN T RNEL N T RL - BILEF g4 rZ B
PR BREE BT UL T - BEE R TTE S AR o
- BEFE BT EOSE N AR P e R EFL T AT EE LT YD

F = Goka 3 s it & Blae™

0 2H, + 0, — 2H,0
SE(RRE

Activation energy

Energy

Energy of reactants

Energy of products

L.
-

Reaction pathway

B132 B F i BRAE— S

344 st B F iE i (AEEA S # i e s 2

AEFDT - BATORE > APE RME B R SERSER R
FARR chp = o A TERK o $50 - e s B EEE L A a0 B Y R

BRI REHRE LB AR P L o A AR B BF G
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FA- BRFRFANGEOR) AR - B R F ROTE R PR AR
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i

1 RBeigpejitess- BieEEE 2R 27 PFEL I EF B3R

HE TG M R B AR P A R AR RS-

B F2FitaAg o RA RSk e

2. FUHIMER|FANEFL RGeS F N E R RS

P T 3ot JAC, X AC; » + F W 2R i i 81 F & ] ehwt i W dp MR FCyj o

d A BER - APTUIRTEIETLE| AL ER R E5973

Lo orL A= .
2 RV AT | L

1
AE.. =

U JAC, X AC; X FC

d b 1% 341 & FCAEL 12 342 &1 ACHE'L » 3N i b

A& A 4 it i e AE4o 4 310
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%311 1 iseE AE

1 2 3 4 5 6
1 0 51.55 38.97 32.73 1020.62 24.51
2 51.55 0 13.12 23.20 883.88 51.55
3 38.97 13.12 0 8.04 37.12 17.05
4 32.73 23.20 8.04 0 51.55 589.26
5 1020.62 883.88 37.12 51.55 0 56.70
6 24.51 51.55 17.05 589.26 56.70 0

EGRETAER nE BAE B AL T AL CEF Bt b 2R AR M gE
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L OBGKE AR B R R L Bt R R KIS R

(R S
Bl - BREN o EX AL VEF RPE o ekt TR R RS 4 L8
o > 1A T F R TR i i

3 #EBH A EAFRR A B TR

mean(AEs
Functional Module Instability(FMI) = (AESgeactea)

Nparts in module(s)
24 AESReacted?;‘ —*HL f:’ﬁ:‘_‘i’.g AR ?}I }"@Eﬁ » H A4 gj; }.@"’f"/é "
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;;°J'1j\§é’l’}d j\FFb AE34—804,1§7\1’{4W7/‘—_—-1L§E ’*"T'lvt» [ J'3

BEE 4 AN HR]3,4] 5 B AEy; = 131240 B F L1 F

W

2R3 a a2, 3,43 ¢ a i e[2, 3, 494 Sgeactea

Wi

8.04 7% 13.12- N, parts lnmodule(s)ﬂ =y *—ﬁ— B P\ m}‘? l“& v LT Eb ’}'3— E [2

3, 4] ko Nparts inmodule(s) = 3

PRTFEFILZABIFAEN D FETARR o FETRZ EARR 0 LRF
PR EH B FE A A AN ARG BE R ERA
penp BREARM o P E N LA BiRES L EEoR e BT RTR B

NP B H D B MR TE S A e R o

4
ys3
-
2
&
VIS

CRB R - BERICERF RF AR IR E DR
AT AHERAEI T PRABREL L aMRE e HE Yy A g4 F Rad

BORERGE AR R

Mg Bl A S AE T R R AR S B g AR RE RIS R R

B 7 d 4o o

AE=8.04: (% i 3)— (% i 4)
AE=13.12: (% #* 2)—(% i 3)

AE=17.05: (% * 3)—(% i 6)

AE=23.20: (E i* 2)— (% i 4)

=

AE=2451: (% #* 1)—(% © 6)

3 —(F 5

AE=37.12: (%
FIMERBEF R R anEit a2 88 0 AP d Bt A RNt R RF 4
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BELEPE S o BlheE B M E R E 3R 2 40t & F 0 AES8.04 ¥

A PRER 3R R AL H A L - BRE [3,4]

ALY REEFBHRD KIFPF 4R E 2R 30i & F
PF R 2BE e F A B R A A e [3, 4G 0 A4 ITH T S
L HCe[2,34] 8% A i iE Y 7 AE=17.05-AE=23.20-AE=24.51 1 2 AE=37.12

P EE R BREAPTEN TR e £ 5 [1,2,3/4,5,6] -

PUE ]2, 3, 4] 5 )0 3B A R B (EMI) > A~ Bk FMI 2 2 o

(8.04+13.12)/2

R ¥ #FMI = = 3.527

BEFLLBARE L BHEDLER B2 A5 (Hejfz) 1E LR e

R R B0 dok 3112 B 33 97 ¢

%312 #atresrERaddaer £ R

e sHial | Wles HiE2 | Wes HiE3 | fes HiEd| 2L H

[3, 4] [2,3,4] [2,3,4,6] [1,2,3,4,6] |[1,234,5,

6]

[1] [1] [1] [5]
[2] [5] [5]
[3] [6]
[6]

FMI1=4.019 FMI1=3.527 FMI1=3.184 FMI1=3.181 FMI1=3.358
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Functional Module Instability

==@==Functional Module
Instability

B33 #ifiet TR

d4erA 0 A PERFE LT B PRE A FIE 4 L K i e

»FE [1,2,34,6] ~ [9]

d 33831 34 &4 # a2 Rl 4cE 34 -
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35 #HafrlEpnkd e

d 3383 348 AP 1 RFEA > UE | VEF RLE XL 0 A
AT REYEIEA N RO SR o AAEE APRA TG A S
s R R A A2 H R B % d B o A AH YA

FRapepInakd e HaoEakip L L BEEasd Bt B %

MR T AR IR P e A G e — 3 o

bASA APR AR T RELCEF R S A BEATRACEF
Bei $7 BAEft  E R RA 0 NAL B RN B e o g #0
BN HEIT A AP APHER A L EF RPEL A E S E > T
B A EARLEY F - BRMAAMARR AL ES S Y TR BHE G

FARBILPT o 45 F B ALAp b4 FehfE -

|

351 A &P %2 d BiE

FHASPNEERESS UL IS e FALERAT A2
pERY B d B BEAPHEL 5 B> Umeda ¥ £ (2008) ~ Newcomb % 4
(1996) ~ Yang % + (2011) ~ Li % + (2008) ~ Tchertchian % 4 (2011) ~ Yu % < (2011)

1&$a?w%¢%m?ﬁ’ﬁW%iﬁéHTIﬁ&5%ﬁ:

1. ##4p i (Material Similarity) :
HHRApP A E A BRR AT L340 3 FAANLAFAES LG
Ted G H T pE . H e 3 nF 22 S ASLAR R AT 021 0 Ap i

> = ’=

LRET F R A Hirar o gL o ¥ 2 A s B adm T o
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2.

¥ v 2+ (Recyclability) :

A FEAEP ATV r e NFRE A RFE A LA SRR T
MR ATA S W TR T A - RS HE I o bAoA &
SRR RIS S 5K R B SR R B T R R

Bed R ART R o

w4 417 {2 (Reusability) :

A R E AP AT TAREAN B s L E RN I R RS
SR BREJ AT ALSEEARE TRADHGE R o blhokdE
BB @t el B2 L3 g RFMEEI DR FEL T
YA TASEERAL IR o T R F RSN > Aok

PR 3TIV S AT i o

¥ %% 2#E 4 (Maintainability) :

e E AP PR LR R EITEER S EA ML LR A o
BOIR 0 B me S L Rt T Gk v 0T S8 L

Mg E R E Lo

v 2 4 (Upgradability) :

A E AP R R AT T AT o NP R R AR
AFZNTAFERR 5- FEAASP PR BREFL AL ERE A
FHa  Bu ey eFEaEBLERZEE S AST L2
FHRARF > Sl L FHEEAPR F R0k k™ 5 FAFREE S o

BREAGL LD EEHRPEY & LA BT BT RP

St
W

RMAFEEL LT E L L ~ER L BT EE o
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35.2 % ¢ 48 i1 B B (GS)

w351 &EAPANT A2 pEnY I R i AFAPLE- BB
o RS AANAELGS raEET nAE b BHAER > ES F R AN

B R ST AR o
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-
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-
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n
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ARG R TARE o BN P LS RS R BT

63



7 4p i (Material Similarity) :

Sy=1:REi@FEjHip-
Sij=0: FEIGFEJHFT A0 0

¥ ¥ 2 {2 (Recyclability) :

Si.zo:iiii;a?;ijd—:ﬁ?r}«»];:,y—;k1?r3«»];:o

f

¥ £ fi1* |+ (Reusability) :
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BB T-L BTN IR A R

¥ %% 2 4 (Maintainability) :
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d PR PR S BIShTE > APT A NS ApRELR

E’f‘»';'“'% GSU‘Q\—"—L‘ :

n

vn - Sinj =0 -6S;;=0.01

£ GSjenfr B 5[0,1] » 2 Pl A S ¢ BT B AT A

W i 4p e W = e W wg e W = % g W e amp
0.22 0.2 0.14 0.2 0.24
B P IR SR E RS TS e

" Fefe | TR | FREGEF) | T
1 & O o) O(1 year) o)
2 | &g X X X X
3| A EH o) X X X
4| wE g 0 X X X
5 HI X X X X
6 & o o) O(7 month) O
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RIS I B & S e i B [1,2,3,4,6) 7 A2 % ApiREL GS4rT -

% 315 %94 iR e GS

GS 1 2 3 4 6
1 0 0.01 0.2 0.2 0.98
2 0.01 0 0.406 0.406 0.01
3 0.2 0.406 0 0.826 0.2
4 0.2 0.406 0.826 0 0.2
6 0.98 0.01 0.2 0.2 0

353 % d feR %L GD

3528 A PET LT A F fiﬂﬁb’ﬁ;é»‘ % d R GSy F S
F e GIER R0 0 APR T HRDE -y ME- AL %P
SR LS ERELGCD HR AN LS FRFEp AL%S BR
e Afd 351 Ren%d B AkIRE- PRSI BAEASIEHY B
PR EAHES FREA G L APRE N AL ARE - R AL S A

R A I B £ o AP - BR RS S AR

Ya Wy X Delt
YinWn

vn > De' =0 : GD; = 0.01

Vn’EIDe >0:GD; =

He >w, 23528 HEfas%d BRELPELE DL F i
BNt asd 2R o LSS FHiraDe EheT

De"=1:7F wie T L A% ~ 7 &g 7.

De"=0: 27w~ AT LI AT EERE T T Ao
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B RS BRELN A FGD M TR NPT E SR R

W (1,2, 3,4, 6]:h% ¢ A2 4B GD 4o

% 316 %3¢ =R GD

GD

0.01
0.256
0.256

D || WIN|F

354 % L EF RS AEMEA N %S el &

GAERAPEL A N BAFAL CEF g ER PEA s i
PP RN - HRFREEUNIGI W F L APLIRS W

FE P st R AE o gt g it iy AE e FAeT o B0y 343 & chR B

1 A- BHOfEeEpIo i 2E|jit X5 - BB Heaiph /A
BT PEFECERE R AE G M N E R R AR s Bt
FEAAZT LI M EX LRSI F 2 E M RARF RS E L -

ji L

N
W

AETESE TR 33 T r S S ATt ST E-L Y 1

GD 1% ip T 308 [GD; X GD; >+ F w22 F i F [ eni 4 4p 00 &GSy o

dU AR AP R S R EN N R IS AL ER

Be?)d B E i £ T e
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1
AE;; =

Y JGD; X GD; x GS;;

% 317 it s AE

AE 1 2 3 4 6
1 0 1000 9.87 9.87 1.02
2 1000 0 48.64 48.64 1000
3 9.87 48.64 0 4.72 9.87
4 9.87 48.64 4.72 0 9.87
6 1.02 1000 9.87 9.87 0

i BEell,2, 3,4, 6] i B AE GBI 0 B RS PR L R

BiEERZEEZ 40T

AE=1.02: (% ¢ 1)—(% i 6)
AE=4.72: (% i+ 3)— (% i* 4)

AE=9.87: (2 E 1)—(FE3)~ (R 1) (R 4)(FE3)—(FE6)- (% 4)—
(% £ 6)

AE=4864: (2 # 2)—(F ® 3)~ (R # 2)— (% # 4)

RIS R S T E S UES RS I (E RS NCC IO o A
RE A e GlhoiE B R R L 6 P At i e[, 2,

34,6/ 2 %d He(1,6) B 5[(1,6),23,4] -

BEAPSTHEM NS KT F 0 BF BARR > R FH RN PRI R
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BAN o EL N AP ELAF REREIE TR AR o IR 23R

BATAE G RE4) T B((L6),(3,4),2 - ¥ A PEEH T AE=087

t-z"—: AE= 4864:!’11“%5:)% B fs A il MH;LJIJ’L‘;F ﬁ‘;’]‘ﬁ“—f“E'_P\ ik 4 ﬁ“:“‘g'g_ﬂ @#;,, ,

[(1,2 3 4 6)] -

APEEH- % eR TN

Mean(AEs
Green Module Instability(FMI) = (AESpeactea)

Nparts in module(s)

PRGN L ARSI WEN P EAER - ELRL ERF 0 ARTE

¢ ’fg:“.‘f'_g I/Z!—iﬂé?’ﬁ :E‘T-Fé bR %;g N %4 @’J"H-#E R L ehd R fiﬂ‘ﬁ;g Sl
Bradp FRARK o 30 I &

BiFE S W% W R BRI B

AR B B iR (L S A R
AL LA L BRSO ER Kt 3P (%9 BEfE) 1A LPEERH
BfRenSd HERIFTEGE > Ao £ AT

# 318

B e FEa s et LR

S WehEmEl

S WA R 2

%4 ez 3

VL B

[(1,6), 2, 3,4]

[(1,6), (3, 4), 2]

[(34,3,4,6), 2]

[(14, 2, 34,6)]

GMI1=0.510

GMI=0.718

GMI=1.301

GMI1=38.213
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Green Module Instability

/ =¢—Green Module Instability
0.5

0 T T T 1
g v Yol &
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& & & g
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B35 %J HerfET RITFRFE

d £ 317 M2 E35% 7  APERAAHLER BERB DS s ER]

Lho g e (1 6),3,4,2]
B34S A LB afesE s NE 3EHF AL P G EN % fiLE
NP EST U b A ST e A H R F T 1[(1,6),3,4,2 0 [5] - H¢ o ¥

FHE A TH e JHEEATHaEEr TE-H EH DK L o

35k d et 2 24 IoB 36
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B 3.6 %d g4 nieh
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BRE R4 AP AR EREOUTY S A BEL EHY

giﬂ%ﬂw%%ﬂﬁpziéﬁﬁ@ﬂﬁ%ﬁ~%ﬁﬁ%#@mﬁﬁiﬁﬁﬁ

hAEE S A PREZ RREE RS 2 0 F » 323973(2000) % 5 2 7 2
FRHEYFEASNOYREAGIRAEFHEATRENESZTETN > A B
o MEHEHEN NS fe o d RGBT N AT Lt i BIERR hE d
MEFEFTALF LA T A2 HE R B OIS FHEE S TEK

T j\’/‘v7£f-’ —%,zgi.*] 2% o

f1* A2 ammy 32 o - ARAd e EiEz w0 FAfI* 3325 %
MR R BTG E S EATHC I KRR PR 2 Lg o ko AL

FFATIRAE L P SRR R S A
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135 445 i 113 TR 21 {5+ 4 fE 31 4 4

2P F O 12 3 45 22 KA 32 PR 5k*2

3t 13 47 5k 23 A 33 47 si*

4 s 141 F ¥ 24 4% 5% 4 34 49 5i*4

S it 15#h+ 34+ 25 i %rpk 35 17 %%

6 Hedt 16 i b 26 13 55 * 4 36 1% 5:*5

7% 17 % $FRF 27 ¥ 5% 37 83 55%2

8 itz 18 o0 ¥ 4 28 11 i 38 i1 5:*2

9% R E 19 % % 29 3 5 39 R pa (PET) & "%

10 3 #c 7 B s 20 14 % 4 45 30 17 s 40 2 s on
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RF-APIEAHE D RSN AL REFEEFNE R T @

B Ao 2 2 pRE 2B RIEFEd 40T

3= 113 Rt 20 15 AT R

4 = e 12 w3k F 4 21 15 L AT 5

5 Fedtir 14 t5 54 22 &4

6 F 4t H M 15ght F 23 P& R

75 16 % 4k 25 # %rik

8 1 iz 17 % ¥R 39 & fis (PET) & %
TR E 184 ¥ 4% 40 <. s v

10 3 »2 7 B AR 19 & %

FERINBN AT L RF PR PFP R RS APl B RS

WA fe e 3L S P RINT AP TR G A2 P a e
4.1.2 pEdpsEL (D)

BT R 2R SHASR PR EERLANRE FARE 2 L
FEALEN D+ st A R AR N RRBL 0 R R -

CHELL BT S0 FA FEAGHA B G AR RIRBIEREK S 1 ES

B A B mM o RIS 2000 A S AT IELL M T A 4 EdaEL
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# 43 jEdEL D
D|3/4|5/6|7[8|9]10{11|12/14|15|16|17|18|19|20|21|22|23|25|39 |40

2
2

2
2

2
2
1
2
1

02122

012222

0|1|2|2|2]| 2

0|2]2|212|2]|1

310(2(222|2]|2|2
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19
20
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414 F i (Q)

d 413 2 ARIREL TR 7 URE LR AU R
MG FREPRIER T - 2R o SHABMBELTR FAPRER
P10 F T RENE L1 eRF S FF TR hF B R 22 pl g iF

AAEROTF o RNT AL NS NHEY BT FEL QAcT !

445 T iEELEQ

Q
3= 1
4 = o™ -1
S Fattr +2
6 F4E % 1
7% 1
8 i =3k 11
97k E B
10 § T B +2
113 g +2
12 ik E -1
145 5 1
15¢ht F 4 -1
16 % 4 -1
17 & 35 RF 1
18ph™ E 4 -1
19 £ 2% 1
20 t& = AF{E 1
21 18 + A 4E 1
22 B3 -1
23 & & -1
25§ %rpk -1
39 % 75 (PET) 55 | -1
40 < w] o™ -1
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415 + R4 (F)

§ 412 & PEMAEE D 1A 414 T FEL Qo APT U » 3351

T isehRE s+ o350
kQ;Q;
Fij = =z
ij
BEGE ARG DR - - PHASNFREA A SR T AL
£EEF 4ok 46-
He v 4 L FRR3I4 L2 EAT IR EF TR chh I EEE

AP BT IRE A A df Bl R A AT £ 205 BA D
THRIPEE RIS BT AT IS AR 5G4 B F ety

e MR SRR RS HRS RS PR TS X T A ol S b
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346 4 RELF
F 3 4 5 6 7 8 9 10 11 12 14 15 16 17 18 19 20 21 22 23 25 39 40
3 0 -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -025 | -025 | -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
4 -0.25 0 0.5 -0.25 -0.25 | -025 | -0.25 4 15 -025 | -025 | -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
5 0.5 05 0 2 0.5 0.5 0.5 -2 -12 0.5 05 05 0.5 0.5 0.5 0.5 0.5 0.5 05 05 0.5 0.5 0.5
6 -0.25 | -0.25 2 0 -0.25 | -025 | -0.25 1 15 -025 | -025 | -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
7 -0.25 -0.25 0.5 -0.25 0 -0.25 -0.25 1 6 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25
8 -0.25 -0.25 0.5 -0.25 -0.25 0 -0.25 1 15 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25
9 -0.25 -0.25 0.5 -0.25 -0.25 -0.25 0 1 15 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25
10 1 4 -2 1 1 1 1 0 -6 1 1 ik 1 1 1 1 1 1 1 1 1 1 4
11 15 15 -12 15 6 15 15 -6 0 15 15 185! 15 15 15 15 15 15 15 15 15 15 15
12 | -0.25 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 0 -0.25. -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
14 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -0.25 0 -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
15 | -0.25 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -0.25 | -0.25 0 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
16 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -0.25 | -0.25 | -0.25 0 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
17 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -025 | -025 | -0.25 -0.25 0 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
18 | -0.25 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -025 | -025 | -0.25 -0.25 -0.25 0 -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 -0.25
19 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -025 | -025 | -0.25 -0.25 -0.25 -0.25 0 -025 | -025 | -025 | -0.25 -0.25 -0.25 -0.25
20 -0.25 -0.25 0.5 -0.25 -0.25 -0.25 -0.25 1 15 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 0 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25
21 -0.25 -0.25 0.5 -0.25 -0.25 -0.25 -0.25 1 15 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 0 -0.25 -0.25 -0.25 -0.25 -0.25
22 -0.25 -0.25 0.5 -0.25 -0.25 -0.25 -0.25 1 15 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 0 -0.25 -0.25 -0.25 -0.25
23 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -025 | -025 | -0.25 -0.25 -0.25 -025 | -025 | -025 | -0.25 | -0.25 0 -0.25 -0.25 -0.25
25 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -025 | -0.25 | -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 0 -0.25 -0.25
39 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 1 15 -025 | -025 | -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 0 -0.25
40 | -025 | -0.25 0.5 -0.25 -0.25 | -025 | -0.25 4 15 -025 | -025 | -0.25 -0.25 -0.25 -025 | -025 | -025 | -025 | -0.25 | -0.25 -0.25 -0.25 0
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416 %+ £ 4 52 (MF)

AGRA L B EY S ELMP R ASN FRE AL PRl B kg o

95 415 §9r A 4 ehd BEEFy P g Bengo < (8% 4 5 MF 4o ¢

2 47 H & v 4 ;e MF

MF
3= 1.5
4 = vl 4
5 it 2
6 o4t - 2
75 % 6
8 i j=2% 15
TRERR 15
10 § 2R B 4
115 B 6
12 W EF 15
14 EF 1.5
154+ ¥ 1.5
16 4 4 1.5
17 * 3 kF 1.5
18 #h™ % 1.5
19 # % 1.5
20 5 L &5 15
AR 1.5
22 i 1.5
23 & i 1.5
25 sic %Rk 15
39 % 77 (PET) % | 1.5
40 + w| o™ 4

AL B A 4L MFE O BFE T O 3 P b %il4 o
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B A4LASERDF Bl LT DRI PA T S 420 SR T PO Bk ] s

v _1x(+2)x(-1)
® Umin — = 12

=20 B A ER A MF 3 g 514w o g

/////

TEFHTF > 3 A X TRfiLesm o

BMFELp Egdple it msld > P H g Amgld X A3t RS o e s
g gl R i s A G A BB YRS MR e o Blde
MF;=MF10=MF40=4 - MFs=MF¢=2 - MF;=MF;,=6 - B| ¥ 12 & & &[4, 10, 40] ~ [5, 6] ~
[7,11] % = B AL @RS R M enfifie o 3 00 > ¥ AL B ek b
chs i BB 2 4o 1[4, 10, 40] ~ [5, 6] ~ [7,11] ~ [3] ~ [8] ~ [9] ~ [12] ~ [14] ~ [15] ~

[16] ~ [17] ~ [18] ~ [19] ~ [20] ~ [21] ~ [22] ~ [23] ~ [25] -~ [39]

417 ¥ % R4EEA XA F H e

4165 AP ER T AN MEBEA LM Gas L fie s RERART RS
PAwA,a i 2 kifice BHFREH G enRE R PArL g
TG MBI SR SR P A NEL BRI § M el &

Ha- At HRERGAFIPET R I DFART - -

Bk [5,6]~[7,11]% BH R+ E & > SddtE e 1l 4 TR
d BERLEL T g e Pt ULV R s T et Z e L
* 5[5,6,7,11] ° I > B fS AT EL B ULELEE F i L e 4o T 1[4, 10, 40]
[5,6,7,11] ~ [3] ~ [8] ~ [9] ~ [12] ~ [14] ~ [15] ~ [16] ~ [17] ~ [18] ~ [19] ~ [20] ~ [21] -

[22] ~ [23] ~ [25] ~ [39] -
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4.1.8 # it 4p B B &L (FC)

RO R E REC A 0 & B R s TR () A s i e
AEB A2 BB OB N EAEME A FAE AN HAELFCe g4
bel 412 3 407 §epigk o 1% RS IR A A T fE i AN GEEE ) o i

B o B2 4o 4

% 48 I FE7 e PR hend i e ¥

YT E REBENG | RBEEMG ([ fEsaMG | HuMR
[37,8,12,14] |[4,7,9,10,11,40] | [4,10,40] [15,16,17,18,19 | & i) =
,22]
[16,17,1922] | [3] [5,6,7,11] [3]
[4] [5] [3] [4]
[5] [6] [8] [5]
[6] [8] [9] [6]
[9] [12] [12] (7]
[10] [14] [14] [8]
[11] [15] [15] [9]
[15] [16] [16] [10]
[18] [17] [17] [11]
[20] [18] [18] [12]
[21] [19] [19] [14]
[23] [20] [20] [20]
[25] [21] [21] [21]
[39] [22] [22] [23]
[40] [23] [23] [25]
[25] [25] [39]
[39] [39] [40]
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B AEE o SN gl Hgﬁg A P Nb%%ifﬁg ‘*’fﬁ_é‘_-&r'r =

%49 Fa kgL

W s wan i W 2 wign i W osushegen 4 W 2wt W s m i
0.20 0.21 0.22 0.23 0.14

t] Vi I—;IJ _ é%ﬁ;%sb%y.%;m‘ ///’J\ ',J_a: sy 1l X r%ﬁ]ﬁ BEF‘%L‘F&‘? I‘Ams}—g

Vi o ipk REEE > ok 4100

419 F i chit £ 513 (AC)

k
§ 342 & # i B E T EAC =—kzx’z;’fl) D H s g AR Y R
MO BES 58 T k=55 A BB gcR 230 i N=2Bo drpt T A S I F

S AC A 44 411 -
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# 410 #a il RELFC

FC 4 5 6 7 8 9 100 11 |12 | 14| 15|16 | 17 | 18 | 19 | 20 | 21 2 | 23| 25 | 39 | 40
3 001|001|001| 02 |02 |001|001|001| 02| 02 |001{001|001|001|001|001|001|001|0.01|0.01|0.01]0.01
4 0 |001,001/{021|{001|021|043/021|001|{001|001|0.01|{001|001|001/001|0.01|0.01|0.01|0.01|0.01|0.43
5 0 [022/022|001]001|001]|022|001|001({001|001|0.01|001]|001|001|0.01|0.01|0.01|0.01]0.01|0.01
6 0 [{022|001|001|001]022|001|001|001/001|001|0.01|0.001|0.01|0.01|001|0.01]0.01]0.01]|0.01
7 0 02 ,021/021|021| 02 | 02 |001|001|0.01|001|001|001|001001|001|0.01|0.01]|022
8 0 001|001|001| 02| 02 |001|001|001|001|001|0.01|0.01|001|0.01]0.01|0.01]|0.01
9 0 (021|021|{001|001|001|001|001({0.01|001|{001|0.01|001|001|001]|0.01]|0.21
10 0 /021|001|001|001|001001|001,001|001|0.01001|001|001]|0.01|0.43
1 0O (001|001|001({001|001|{001|001,001|001|001|0.01|0.01]|0.01]0.21
12 0 02 /001001001001 |001|001|0.01|001]|001|0.01|0.01]|0.01
14 0O [001/001{001|/001]|001|001|0.01|001|001|0.01|0.01]|0.01
15 0 1023/023{023|023|001|0.01|023|0.01|001|0.01|0.01
16 0O [043|/023|043|0.01|001|043|0.01|0.01|0.01]|0.01
17 0 |023|043 /001|001 |043|0.01|0.01|0.01|0.01
18 0O [{023{001|001|023|0.01|0.01|0.01]|0.01
19 0O [001]|001|043|0.01]0.01|0.01|0.01
20 O |001,001|001|0.01|0.01]|0.01
21 0O [(001|001|001]|0.01|0.01
22 0O [001]|001|0.01]|0.01
23 0O [001]001]0.01
25 0 [0.01]001
39 0 (001
40 0
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%411 i-#EHEL AC

AC
3= 0.027273
4 = v~ 0.027273
5 4 ir 0.036364
6 44 7 0.027273
75 % 0.045455
8 i {=2% 0.036364
TR E 0.054545
10 3 »c T B 0.045455
113 §FRF 0.036364
12 wEEFF 0.018182
145 5 0.036364
15 8+ F4F 0.018182
16 ‘% 4k 0.045455
17 & R 0.054545
18 #h T F 45 0.018182
19 # % 0.018182
20 & z A fE 0.0000909
21 15 A E 0.0000909
22 & Az 0.036364
23 & A 0.027273
25 4 %Rk 0.009091
39 % fa (PET) # % | 0.009091
40 % wf] e 0.027273

4110 8" M B F EiE it (AEEA N H e s &

£ 418§ 1% 419 & 4w ERH ik RELFCHERELACH {7

1 i P 2.1 4
PR XY (LR

e
JAC;XACjXFCij

2B ERAFOE R o PR EYFF A TS B AE4r# 4120

vk o~ 334 & eE it it AERE 2 NAE;; =



% 412 &1 AR AE(D)
AE 4 | 5|6 | 7| 8| 9 |10]| 11| 12|14
3 3667 | 3175 | 3667 | 142 | 159 | 2593 | 2840 | 3175 | 225| 159
4 0|3175|3667 | 135|3175| 123| 66| 1514491 | 3175
5 0| 144 | 112| 2750 | 2245 | 2460 | 125 | 3889 | 2750
6 0| 129 | 3175 | 2593 | 2840 | 144 | 4491 | 3175
7 0| 123| 96| 105| 117| 174| 123
8 0| 2245 | 2460 | 2750 | 194 | 138
9 0| 96| 10731752245
10 0| 1173479 | 2460
11 0 | 3889 | 2750
12 0| 194
14 0
% 412 &1 e AE(Q)

AE| 15 | 16 | 17 | 18 | 19

3 | 4491 | 2840 | 2593 | 4491 | 4491

4 | 4491 | 2840 | 2593 | 4491 | 4491

5 | 3889 | 2460 | 2245 | 3889 | 3889

6 | 4491 | 2840 | 2593 | 4491 | 4491

7 | 3479 | 2200 | 2008 | 3479 | 3479

8 | 3889 | 2460 | 2245 | 3889 | 3889

9 | 3175|2008 | 1833 | 3175 | 3175

10 | 3479 | 2200 | 2008 | 3479 | 3479

11 | 3889 | 2460 | 2245 | 3889 | 3889

12 | 5500 | 3479 | 3175 | 5500 | 5500

14 | 3889 | 2460 | 2245 | 3889 | 3889

15 0| 151| 138| 239| 239

16 0| 47| 151| 81

17 0| 138| 74

18 0| 239

19 0
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% 412 &1 e AE(3)
AE | 20 21 22 | 23 25 39 40
3 |63509| 63509| 3175| 3667 | 6351| 6351| 3667
4 |63509| 63509| 3175| 3667| 6351| 6351| 85
5 |55000| 55000| 2750| 3175| 5500| 5500| 3175
6 |63509| 63509| 3175| 3667 | 6351| 6351| 3667
7 |49193| 49193 | 2460 | 2840| 4919| 4919| 135
8 |55000| 55000| 2750| 3175| 5500| 5500| 3175
9 | 44907 | 44907 | 2245| 2593 | 4491 | 4491| 123
10 |49193| 49193 | 2460 | 2840| 4919| 4919| 66
11 |55000| 55000| 2750 | 3175| 5500| 5500 151
12 | 77782| 77782| 3889 | 4491| 7778| 7778| 4491
14 |55000| 55000 2750 | 3175| 5500| 5500 3175
15 |77782| 77782 169 | 4491| 7778| 7778| 4491
16 |49193| 49193 | 57| 2840| 4919| 4919 | 2840
17 |44907 | 44907 | 52| 2593| 4491| 4491| 2593
18 |77782| 77782 | 169 | 4491 | 7778| 7778| 4491
19 |77782| 77782| 90| 4491| 7778| 7778| 4491
20 0 | 1100000 | 55000 | 63509 | 110000 | 110000 | 63509
21 0 | 55000 | 63509 | 110000 | 110000 | 63509
22 0| 3175| 5500| 5500| 3175
23 0| 6351| 6351| 3667
25 0| 11000 | 6351
39 0| 6351
40 0
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BEECRELAE AN A A EF BT & iRt a2 (8 0 AN d Eib

Bt B F R F g4 5o

Th

R A

Jel
=l
4
1\4
X
Rg]
™
e
i

- @R VB R R BE B AL e e G E- — ek ko

3 15 - BF > BE BH A EEERY » 3448 T B e T

BET

Mean(AESReacted) | 43 413 -

parts in module(s)

Ri®i 3 FMI =

PEzABA A EREROS e EE R FMI B2 A PEE S fE
TR B efR 125 1% G E s e i Boe A 32 1 [15, 16, 17, 18, 19, 22] ~ [3, 4, 5, 6,
7,8,9, 10, 11, 12, 14, 40] ~ [20] ~ [21] ~ [23] ~ [25] ~ [39] © & i # it %0 i3 i f3 chst

e T ER RAcR 4.2

Functional Module Instability

250
200 /
150
/ = Functional Module
100 / Instability
? /
O T T T T T T T T T T T T T T T 1
i o o LN (o} ~ 0 (o)) o — (o] (9] < n (o}
I S I e I I I T
ETORTOET RmoEmoEmoRmomm oA AL oML OB R OBL OB R

W42 #ifer ER
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% 413 #a iz iE f2(1)

iz 1 %2 i3 iz 4 25 2 6 27
[16,17] [16,17,22] [16,17,22] [16,17,19,22] [16,17,19,22] [16,17,19,22] [16,17,19,22]
[3] [3] [4,10,40] [4,10,40] [4,7,9,10,40] [4,7,9,10,11,40] | [4,5,7,9,10,11,40]
[4] [4] [3] (3] [3] (3] [3]

[5] [9] [5] (9] [5] (9] [6]

[6] (6] [6] (6] [6] (6] [8]

[7] [7] [7] [7] [8] (8] [12]

[8] (8] [8] (8] [11] [12] [14]

[9] [9] [9] [9] [12] [14] [15]

[10] [10] [11] [11] [14] [15] [18]

[11] [11] [12] [12] [15] [18] [20]

[12] [12] [14] [14] [18] [20] [21]

[14] [14] [15] [15] [20] [21] [23]

[15] [15] [18] [18] [21] [23] [25]

[18] [18] [19] [20] [23] [25] [39]

[19] [19] [20] [21] [25] [39]

[20] [20] [21] [23] [39]

[21] [21] [23] [25]

[22] [23] [25] [39]

[23] [25] [39]

[25] [39]

[39] [40]

[40]

FMI=23.5 FMI=16.5 FMI=9.625 FMI=8.536 FMI=7.981 FMI=7.686 FMI=7.386
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# 4.13

i W i 2 (2)

i 8 2 9 iz 10 iz 11 iz 12 iz 13 iz 14 iz 15 iz 16
[16,17,19,22] |[16,17,19,22] |[15,16,17,18,1 | [15,16,17,18,1 | [15,16,17,18,1 | [3,4,5,6,7,89, |[345,6,78,9, |[3456,7.8,9, |[3/456,7,89,
9,22] 9,22] 9,22] 10,11,12,14,1 |10,11,12,14,1 |10,11,12,14,1 | 10,11,12,14,1
5,16,17,18,19, |5,16,17,18,19, | 5,16,17,18,19, | 5,16,17,18,19,
22,40] 22,23,40] 22,23,2539,4 |20,21,22,232
0] 5,39,40]
[457,8,9,10,1 | [4,56,7,89,10 |[456,7,89,10 | [3456,7,89, |[3456,789, | [20] [20] [20]
1,14,40] 11,14,40] 11,14,40] 10,11,14,40] | 10,11,12,14,4
0]

[3] [3] [3] [12] [20] [21] [21] [21]

[6] [12] [12] [20] [21] [23] [25]

[12] [15] [20] [21] [23] [25] [39]

[15] [18] [21] [23] [25] [39]

[18] [20] [23] [25] [39]

[20] [21] [25] [39]

[21] [23] [39]

[23] [25]

[25] [39]

[39]

FMI=6.892 |FMI=6.656 |FMI=6.255 |FMI=6.063 |FMI=5.989 |FMI=11.979 |FMI=18.709 |FMI=37.657 |FMI=217.058
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41.11% ¢ #p 2 B 4B (GS)

d 411 & % 42120 & > Al P st WFR DR F RG> LR LEF R
AERTEL  HERLMEFFASAL T E I ASNIEY G e o &
ATHAFEZE O RBRFAPE YA AFEZ PSS BEOEET o F » 3524
235452 JI* P E R RFECRTE P FH e ERE-H S
HenR it A4 %d e o

O LR BB ORE > B AH RN S e AL HH
REEE S PIUARAELGCS APARRLFFASP  FEDEESI

Brpd s ek 415

T RRYFASN FER L EES BTG AT 2 BT
Frbdt s d PRRLORE 228 PARELCS HrRHFFAS
e

B3
ENEE ST SV

2414 RhHFFDEI BIEL

W it e W = 5 e W =g qin e W = st gy W ey

0.22 0.18 0.22 0.2 0.18
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17 £ ¥R 3% ¥ * v v -
1w EE | 29 - A .
19 & 3¢ 48 ¥ ¥ 7 7
0 =& R ? 3 ¥ 7+ =
21t & ir R ’v“ 3 ¥ 7+ =
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23 & B 48 ¥ s v -
25 $%rRE Ay + 2= 3 7 2 =
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At b g s BHBEEERES BETR AP ML FAS

N e i 023, 4,5, 6,7, 8,9, 10, 11, 12, 14, 40]:% * % & 4p i1 & 4B GS » 4o

2
# 416 #iw$c%[3,4,5/6,7,8,9 10,11, 12, 14, 40 =% ¢ 4p i & 22'L GS

GS 3 4 5 6 7 8 9 10 n 12 14 40
3 0 014 | 001 {0554 | 014 | 082 | 014 | 0214 | 014 | 0446 | 0.82 | 0.14
4 0 0.746 | 0.18 | 0.886 | 0.14 | 0.886 | 0.886 | 0.886 | 0.36 | 0.14 | 0.886
5 0 0.38 | 0.746 | 0.01 | 0.746 | 0.746 | 0.746 | 0.22 | 0.01 | 0.746
6 0 0.18 | 0554 | 0.18 | 018 | 0.18 | 0.18 | 0.554 | 0.18
7 0 0.14 | 0.886 | 0.886 | 0.886 | 0.36 | 0.14 | 0.886
8 0 014 | 014 | 014 | 0446 | 082 | 0.14
9 0 0.886 | 0.886 | 0.36 | 0.14 | 0.886
10 0 0.886 | 0.36 | 0.14 | 0.886
11 0 0.36 | 0.14 | 0.886
12 0 0.446 | 0.36
14 0 0.14
40 0

94




4.1.12 % ¢ 43R 46*L(GD)

#AEISITHEI RRAELCD PN e dk > APTEZRL

i

A&

i ®[3,4,5,6,7,8,9, 10,11, 12, 14, 40] e ¢ 42 & 42 GD 40

% 417 F i #e[3,4,5/6,7,8,9, 10, 11, 12, 14, 40] en’ ¢ &L GD

GD
3ifi= 0.230769
4 = v 0.512821
S Festi 0.769231

6 st ¥ 0.717949

A 0.512821

8 i {=2% 0.230769

9 MERE | 0512821

10 3 s T B4 | 0512821

113 TRF 0.512821

12 %&EFF | 0512821

1418 FF 0.230769

40 + s v 0.512821
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4113 8" B F At m (AEEA N ¢ e s 2

F34111 5% ApRELEGCS 1 E 4112 § i d f2 R E GD 218 >

.2 2. N P - R 2, e, N 1 N e e
AT kT A 354§ dE N SRAE = ——— M3 P

\/WXGSU
#[3,4,5/6,7,8,9,10, 11,12, 14, 40| > Z it i & 2 4 IV Bk BT E A

peE g e e it B AE 4r & 4190

SR AR A B R F R R R R L0 A

Bt B R R T g b BRI RNNT R AR S - RS L -

Y

EE-RR N BRI BEBHEAL O AR EGEE - - T ko
BEF AR -BRF BFREIFerFFERY » 3545 T EHNEI 7 {8

Mean(AESReacted)

TR 5 GMI = i =0

parts in module(s)

FEERHI e s HGEEROSI K e ETAE GMI B8 APER
FAETR B R 4 (7L Bt che W A #2:[(3,4,5,6,7, 8,9, 10, 11, 12, 14,

A0)] - # B WeizEfENSI eI LT TR F4oR 43

% 418 # o t2[3,4,5,6,7,8,9, 10, 11, 12, 14, 40] e & e o 30z i 7

21 |[(4,5,7 9 10,11, 40), 3,6, 8,12, 14] | GMI=0.3049

2 2 [(4,5,6,7,9,10, 11, 40), 3, 8,12, 14] | GMI=0.2919

23  |[(3,4,56,78 09,10, 11, 14, 40), 12] | GMI=0.2695

24  |[(3,45,6,78,9 10,11, 12, 14, 40)] | GMI=0.2657
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% 419 #i#2[3,4,56,7,8,9 10, 11, 12, 14, 40] cr/& i+ i <B'E

AE 4 5 6 7 8 9 10 1 12 14 40

3 20.76 | 237.35| 4.43| 2076| 528| 20.76| 20.76| 20.76| 6.52| 5.28| 20.76
4 0| 213| 916| 220| 2076| 220| 220| 220| 542| 2076| 220
5 0| 354| 213|23735| 213| 213| 213| 7.24|23735| 213
6 0| 916| 443| 916| 916| 916| 916| 443| 9.16
7 0| 2076| 220| 220| 220| 542| 2076| 220
8 0| 2076 20.76| 20.76| 652| 528| 20.76
9 0| 220| 220| 542| 2076| 220
10 0| 220| 542| 2076| 220
1 0| 542| 2076| 220
12 0| 652 542
14 0| 2076
40 0
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Green Module Instability

0.31
o3 \\
0.29 \
0.28
0.27 \ Green Module Instability
\
0.26
0.25
0.24 T T T 1
LEal 2 #3 4
Bl 43 #i#2[3,4,56,7,8,9 10,11, 12, 14, 40] ch% ¢ Hle 7 fE TR

FU* deke o o  #203,4,5,6,7,8,9,10, 11, 12, 14,40 & 2 ¢ e s

e Ag o NP E R fice[15, 16, 17,18, 19, 22| A 4 % o A oo k-
Hig a0 WA HGERLE S et R A2 Bold o 4ok 420

442102 B 44 Bts 0 T RIS e HFR[(16, 19), (15, 17, 18, 22)] -

% 420 i #-m[15, 16, 17, 18, 19, 22 cig 1 4; 4B

AE 15 16 17 18 19 22
15 0 4.088778 | 2.479024 | 2.479024 | 3.413967 | 2.479024
16 0 4.088778 | 4.088778 | 1.449584 | 4.088778
17 0 2.479024 | 3.413967 | 2.479024
18 0 3.413967 | 2.479024
19 0 3.413967
22 0
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# 421 # i #-2[15,16, 17, 18, 19, 22) cni: & ik A i iE fE

21 | [(16,19), 15,17, 18, 22] GMI=0.7250

22 |[(16,19), (15, 17, 18, 22)] GM1=0.3703

iz 3 [(15, 16, 17, 18, 19, 22)] GMI1=0.4100

Green Module Instability

0.8

0.7 AN

0.6 \

AN

AN _

N == Green Module Instability
0.3
0.2
0.1
O T T 1
i1 2 i 3

B 4.4 s #-e[15,16, 17,18, 19, 22)cnsk ¢ Hioe 7 2 T R

A e b S EA AL B e T oA e S g A atie-

B & Wb i A 2 A S i SEERET B Mo 1[(3,4,5,6,7,

8,9, 10, 11, 12, 14, 40)] ~ [(16, 19), (15, 17, 18, 22)] ~ [20] ~ [21] ~ [23] ~ [25] ~ [39] -
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SRS FASEO AP T 322 F ] R B el s
ﬁi%iﬁﬁﬁ?li%’ﬁﬁﬁﬁﬁ EATR R AR R R o &

FoAWHRVELPORIER ATAL T T ET T AN IREY G i it o

bR AR R RN FERRA  FEe SRS EEPRE A bk

v AT R - R AR S < e > VLR R T EATRG
pﬁ,g\j?ﬁgﬁ& Mm;}pu/’ 44;4,,;Ln;}prﬁgxggjﬁm‘q;;gmg.%
/Eﬁj’fi—’ﬁ._"

AT HRHELE BFRBFREDEI BEP NG ERE-HEE

S ol o P RRELR A B e h%d e v FEE AR LA E K? 73K
N R ,;;f—;é,,b%g_‘au'é‘%’ AR ELERZ s e % d B
BET - HHEERNG BN RH TR L E - R R

e

Ed}?

FEPFEER o REpAEEKA > EPARED LATREMRI 28 A
TR S A REE P o i E[(16,19), (15,17,18,22) k0 F i 162 F

2195 d S Hd BEART TG ERE- HEH AR - FE o R B 15,

N

Fi A7 F 218 E F 2220 4 o g d HEAPIT 0 T T BB L FTR 2

She

A~

B R A ST i

=k

2 [(3,4,5,6,7,8,9,10,11, 12, 14, 40)] & i » o 0 £ b 34 it e p e

N

é’fﬂ‘:r};;rj\/j}—# ;fg,,/}i,m-ruj, ﬁ:piﬁﬁ‘é‘#”r"”)"' rfﬁfgé\?fi’iﬁt’bg

BA SR B FERE -
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BF e R IR e g PTET AL LR

oML ARG Y HH R I, FARREEER > U AKY Y

Fieadelr Lo orit > P HEA S A2 e s a2z w0 FA{* 332 &

F D PRRA KT E S

v
[N
She
==
i
:
3
1l

o ) L S RTINS T

<«

HEP PR 2R R 11 % 4 4.22 -

\\\&‘_
»h
™
Nad
B
=
)
SN
(6]

BF O AP RRI22FRE DR 2 N2 ARG AL
FRREFNATE T UEI R ARG 2 EFAE LN BIL R wed
4.23 -

FRRE DB AB I LR R RPN DT EEE O BFAPREY o

BRF+I2% > fed 33L& NI nT A TR G A4 M ile o
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1. Cover |

2 Cover 2

21. Screw 7
22, Screw B -

4. Steel |

8. Soft_pipe i:f
7. Plastic ; 19. Screw 5
- 3. Light
14, A plug = 20. Screw 6
_: 6. Contact
; 9. Power
10. Base
12, Fuse 1
13. Fuse 2
11. transformer
5 Steel 2
1B, Screw 4 15. Screw 1
17. Screw 3 16, Screw 2
B 45 #H%2A2 & R'FB(Tseng & 4, 2008)
£ 422 HBEAEEEL
1Cove 1l 6 Contact 11 Transformer 16 Screw 2 21 Screw 7
2 Cover 2 7 Plastic 12 Fuse 1 17 Screw 3 22 Screw 8
3 Light 8 Soft Pipe 13 Fuse 2 18 Screw 4
4 Steel 1 9 Power 14 Plug 19 Screw 5
5 Stedl 2 10 Base 15 Screw 1 20 Screw 6
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% 423 HBEASEEL(HE)

1 Coverl 8 Soft Pipe

2 Cover2 9 Power

4 Steell 10 Base

5 Steel2 11 Transformer
6 Contact 14 Plug

7 Plastic

4.2.2 gedgset (D)

BECAPHLIEZEASAAFEREL D 0 A e g R L6 E
AR R AT R RIY AR RIRERR S 1 F A F 2 e RIS RN
RIK 5 20 Pt A F A4 w A B 9T A 4 e et boT £

% 424 jEgpietE D

1| 2| 4|5 |6 | 7| 8|9 | 10| 1|14
1 0 1 2 2 2 2 2 > 5 2 >
2 1 0 2 2 2 2 1 > 5 2 >
4 2 2o 22 |2]2/|2/|2]2]:2
5 | 2 2 2 0 2 2 2 2 5 > >
6 | 2 2 2 2 0 2 2 2 5 2 5
712 22220 2]|2]2]|2]:2
g8 | 2| 1| 2|22 |20 2]1]|2]:?2
9| 2 21 21T 2121212101l 21212
02 |2 | 2|22 ]2 1|2|0]2]?2
n| 2|2\ 2/|2]z2]2]2]2]2/|0o0]:2
1] 2 2] 2127121212121 2121o
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4.2.3 B EE L (TR)

iy > AAJEREL D2 7 422 RBMBFEL TR PHEN A 5S¢ &

FEARFEFARBPDT R o7 A

# 425 pm¥EEdL TR

1Cover 1 1
2 Cover 2 2
4 Steel 1 0
5 Steel 2 0
6 Contact 0
7 Plastic 0
8 Soft Pipe 2
9 Power 0
10 Base 1
11 Transformer 0
14 Plug 0

< =y
424 % FELQ)
é@ﬁ&%%%@-TR’ —fé"}\l i #-5 Cover 2 17 2 8 Soft Plpeg 3t h T HIR 3 1]{'2‘ "
AP a g (FLF DT PIT AL v RN T e

" Q4rk 426
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425 4 £ (F)

# 426 R iELQ
1Cover 1 -1
2 Cover 2 +2
4 Steel 1 -1
5 Steel 2 -1
6 Contact -1
7 Plastic -1
8 Soft Pipe +2
9 Power -1
10 Base -1
11 Transformer -1
14 Plug -1

d 422 § Rt D E 424807 et Qo AT U ~ 334

I ;’;E‘ﬁﬁ_fﬁ’; 2}5\11:“1']' = -

BB ek gl 4 ¢

4
&

VA4 4
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j vE 2 w
v G T (S

R 5

SEF o ded 427 ¢

N\ 21 5
AN - R AR

?

i



1 0 2 |-025]-025|-025|-025| 1 |-025|-0.25]|-0.25]|-0.25

4 |-025| 05 0O |-025]|-025|-025] 1 |-025]|-0.25|-0.25|-0.25

5 025 05 |-025| O |-025|-025| 1 |-025|-0.25]|-0.25|-0.25

6 (-025| 05 |-025|-025| O |-025| 1 |-025|-0.25|-0.25|-0.25

7 1-025| 05 |-025|-025|-025| O 1 |-025|-025|-0.25|-0.25

9 |-025| 05 |-025|-025|-025|-025| 1 0 |-025|-0.25|-0.25

10 |-025| 05 |-025|-025|-025|-025| 4 |-025| O |[-025]|-0.25

11|-025| 05 |-025]-025|-025|-025| 1 |-025|-025| O |-0.25

14 |-025| 05 [-025|-025|-025|-025| 1 |-025(-025|-025| O

426 E+ €% 4 2 (MF)

Wy 425 8974 4 ch4 L F P HEA Sod L TF 4 2 MF4c

4.28 -

AL A4 L MFRE BRFRE L I RF Pora kB ado] il d o
b 424 $EJ DT BOL T D HR T PA T A 420 SRS PR k] g

v 1x(+2)x(-1)
4G Fmin = - 1z

=25 B A TEH 4 MF ]St Bl w3l 4 g e it > gk

TEFHTF > 3 A > TR o
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3 428 £ 4 it* 4 B MF

1Coverl
2 Cover 2
4 Steel 1

5 Stedl 2

6 Contact
7 Plastic

8 Soft Pipe
9 Power
10 Base

11 Transformer
14 Plug

[N IR I NG VRN I N S N N =Y R SRR N

BMFAEER L daedcsr3ld o 2 Hg 134 x a0 3 Prora ki
kol x4 R o & 5 AT IEL IR BB 5 e bl4e MF=MP= =2 -
MFg=MF1=4 > B|¥ 2 & & &[1,2] ~ [8,10] % & i A4 w824 50 B (2 chfitie o
TP T O HA 4w A s A LB b ar i BB % 4o :[1, 2]~[8, 10] ~ [4] ~ [5] ~

[6] ~ [7] ~ [9] ~ [12] ~ [24] -

427 s % B4EEA 2 A F H e

BA26 A PED] T AN v S G M AOH I e EEF R LS e
RGP AT E b WA BB G M S G EBRI PR, S

BB G MEOR s AL - BATH N R

FEARAEAL T 5 i gt G A BL B ER T IR T T Rt S e £ R
%[1,2,8,10]° & s> B s cnfh 3 4 w AR i JREL F s i B e 1 [, 2,8, 10]
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[4] ~ [5] ~ [6] ~ [7] ~ [9] ~ [11] ~ [24]

4.2.8 # it 10 M R 5B (FC)

B CF R BTG PEE 0 & E R R RETA) S hE i e s H R

A2 B E P RS HEZ . F L FAE AL pHAEL FCe FEETIT R

J,A

Wik o 5d Aok 422 % 427 St 0 T A4 T fEa i BHER R REE b o

Fie > P %o T 4

= »
(<

% 429 7 B o TR hehrh e s

XU LIS S ENEREL L TR TRET T
[1,2,8,10] [9, 11, 14] R [1,2, 4, 6] R e

(4] [1] [5]

[5] [2] [7]

(6] [4] [8]

[7] [5] [9]

[9] [6] [10]

[11] [7] [11]

[14] [8] [14]
[10]

FLAATG R B i B RRE CRERLEE Y e AR AP T 2 S A i

BRAEE o AP R &Y R A SR O BB GEL T £
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£ 430 HaMGREeE
W s wami Wien W osiseagem W swnimn W #wmn
0.22 0.23 0.2 0.25 0.1

Iz

FEF TR A HE S 0 R L R ERY Gl E

T AP REL 4ok 431
% 431 #iApM REL FC
1 2 4 5 6 7 8 9 | 10 | 11 | 14
1 0O | 047 |025|001|025|001|022|001|022]| 001|001
2 | 047 | 0 [ 025|001 |025| 001|022 001|022]| 001|001
4 |025|025| 0 |001|025]|001|001|001]|001L|O001| 001
5 |001|001[00L| O |001|001|O001|001|O00L|O001| 001
6 | 025|025[025({001| 0 |001|O001|001|O00L|O001| 001
7 |001|001|001|001]|001| O |001|O001|001]|001|O001
8 |022|022|001|001|001[00L| O |001]|022]|001|001
9 |001|001|001L|001|001|00L|00L| O |001]|O023|0.23
10 | 022 | 022 | 001 | 001 | 001|001 | 022|001| O | 001|001
11 | 001 | 001|001 |001|001|001|001|023|001| 0 |023
14 | 001 | 0.01 | 001 | 001 | 0.01 | 0.01 | 001 | 0.23 | 0.01 | 023 | O
4.2.9 F t ehiv 824 (AC)
i 342 & 1 BB T EAC :kZX’ETT’i » B d AP oy B

Rl Bl 5 T k=5 A Rl 5 11 A N=llo 4ot v A 4 IV §
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mEE ACIr# 432

% 432 i BiEHEE AC

AC
1 Cover 1 0.08
2 Cover 2 0.06
4 Steel 1 0.02
5 Steel 2 0.02
6 Contact 0.02
7 Plastic 0.02
8 Soft Pipe 0.06
9 Power 0.04
10 Base 0.04
11 Transformer 0.02
14 Plug 0.02

4210 " M B F iE it (AEEA N H e s &

428 & 112 429 & 2 Wil REL FCEEPRELACHE » 7
UF ~ 334G dE M AETE S RNAE = ————— NP E R PA S A

U T JAC;XAC;XFCij

BB F TR A R e R A SaE v 4B AE 40 433
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4 433 &ivaaEE AE

AE 2 4 5 6 7 8 9 10 1 14
1 30.71| 100.00 | 2500.00 | 100.00 | 2500.00 65.61 | 1767.77 80.35 | 2500.00 | 2500.00
2 0| 11547 | 2886.75| 11547 | 2886.75 75.76 | 2041.24 92.78 | 2886.75| 2886.75
4 0| 5000.00 | 200.00| 5000.00 | 2886.75 | 3535.53 | 3535.53 | 5000.00 | 5000.00
5 0| 5000.00 | 5000.00 | 2886.75 | 3535.53 | 3535.53 | 5000.00 | 5000.00
6 0| 5000.00 | 2886.75| 3535.53 | 3535.53 | 5000.00 | 5000.00
7 0| 2886.75| 3535.53 | 3535.53 | 5000.00 | 5000.00
8 0| 2041.24 92.78 | 2886.75 | 2886.75
9 0| 2500.00 | 153.72| 153.72
10 0| 353553 | 3535.53
1 0| 217.39
14 0
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BEECRELAE AN A A EF BT & iRt a2 (8 0 AN d Eib

BEHLEF BRAEF P EF LR B 2MPFREEAEL LR LB A o

G- P N B 2t REBRERAL DR R WEREE- - e Ok

N

i NFMI =

Mean(AESReacted)

parts in module(s)

v ek 434 BB 4.6 -

6 - 2F > ¥5 BHaeiFEfiY » 344 T Ex P L e TR

% 434 # i iziE
f& 1 jz 2 j# 3 & 4 f25 fz 6
[1,2] [1,2,8] [1,2,8,10] |[1,26,8, [1,2,6,8, [1,2,5,6,7,
10] 10] 8,9, 10, 11,
14]
[4] [4] [4] [5] [9, 11, 14]

[5]

[5]

[7]

[5]

[6]

[6]

[6]

[9]

[7]

[7] [7] [7] [11]

[8] [9] [9] [14]

[9] [10] [11]

[10] [11] [14]

[11] [14]

[14]

FMI=15.355 | FMI=16.053 | FMI=14.723 | FMI=12.556 | FMI=10.859 | FMI=27.862

PEREBH A EREROS AT BT R FMI B2 (8 > A PEHE T R

TR Bo) R 5o (74 Bt e g Hoe A 32 1 [1,2,4,6,8,10] ~ [9, 11, 14] ~ [5]

[71-
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Functional Module Instability
30

2 /

Functional Module
\/ Instability

10

Ejél Ejéz EJ%3 Ejé4 EJ%S é]éie

W46 #ife7 ETR

4211% ¢ #p 12 B 4B (GS)

d 42141 42104 > AP A HEEA SA S TR A B o
NHCE e BEFAPEAY M HEL NS BHOR T 1A B RE

ML P afep g EpE-HEHNERE > A2 %5 e o

FA AP FHS A EE S PRUARELGCS APLBERLYFE S

R R BRI g B D o dodk 435

FORLGFFASN R NLESI RUTAL > AV URLH AR

R T e d 22 %0 I AREE GSe B A S APR g fi
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% 435 &JA)‘E_’_ Nl SR ENC - }g,".t}_
ki T FEAI | FERAEE | TR
1 Cover 1 ) ¥ * ¥ * ¥ A
2 Cover 2 5 ) G 37 37 A
4 Steel 1 i v 37 27 A
5 Steel 2 i G 37 37 A
6 Contact R v v * ¥ * ¥
7 Plastic . v 37 rr rr
8 Soft Pipe 4% v G v v
9 Power TIHEAF | AT 7 v e G
10 Base 5 7 3 A 3
h 3 . A =T =7 * ¥ =3
11 Transformer | &+ Ac s d~ | 2 7 7 ¥ g
14 Plug TERBRRAY | AT ¥ A 3 ¥
3 436 H#HEH%I L
W g gp e W = e Wezqmp W = s i W w2
0.23 0.2 0.17 0.2 0.2

A% d FPEE TR 2SS BETR o APET

N oehr i el 2,4, 6,8, 10]:F = % 4 4p i1 B 4EE GS o dodk 4.37
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% 437 #iHom[l,2 4,6, 8, 10]:% ¢ 4p i1 B 4B GS

GS 1 2 4 6 8 10
1 0 0.829 0.599 0.71 0.48 0.829
2 0 0.599 0.71 0.48 0.829
4 0 0.48 0.71 0.599
6 0 0.65 0.71
8 0 0.48

10 0

4212 % ¢ 43R 4&*L(GD)

FE3ISIFHEI RRAEFLCD PN AZ s A PVE2RLEFA 2

i e[, 2,4, 6,8, 10| éhi ¢ 428 45 GD 4o 4

% 438 %4 f2 R B GD

GD

1Cover1l | 0.25974

2Cover2 | 0.25974

4 Steel 1 0.25974

6 Contact | 0.480519

8 Soft Pipe | 0.480519

10 Base 0.25974
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4213 % B F iE it (AEEA N ¢ e s &

Fr42 g% d pRELGCS M ZE 42128 0% ¢ FREL GCD 2 15 >

.2 2. N P - R 2, e, N 1 N e e
AT kT A 354§ dE N SRAE = ——— M3 P

|GD{XGDjXxGSjj
©[1,2,4,68 10|} » REE A A A4 EF RS ik A o g i B ek

it s AE4r £ 439

SR AE A R R F R R R R L A B

Bt B R BT g b BRI RAAT R AR S - RS -

Y

HE-@P D FF R BEBRIFRAL S AR GEE- - T R
BES 20 o BFOBEF BRI s HGEMRY » DA TLENGI HeH R

Mean(AESReacted)

TRFTRGMI = v e d 4.40 -

parts in module(s)

% 439 e[l 24,68, 10] % it e AE

AE 1 2 4 6 8 10
1 0 4.64 6.43 3.99 5.90 4.64
2 0 6.43 3.99 5.90 4.64
4 0 5.90 3.99 6.43
6 0 3.20 3.99
8 0 5.90
10 0

% 440 i Hm[l1,2 4,68, 10]5% & How A 3035 R

21 | [1,24,(6,8),10] GMI=1.601

22 |[(12 4,68 10)] GMI=0.638

116



S WA HREEROES e TR GMI B2 8 APERE

"
du
A

i
o)
pN

PRI R B R 20 L ARG enH e FEZ 1 [(1,2,4,6,810)] - F B

BleizEaamsd e r 2 @R bk 47

Green Module Instability
1.8
1.6
1.4 \
AN
1 N\
0.8 \\ Green Module Instability

0.6

0.4

0.2

1 H#2

W47 #ife[l,2,4,6,8 10] 4% ¢ {7t TR

# dofe 1 b R He]1,2,4,6,8, 10|14 4 % ¢ Fe s Hauif s ApPE
¥ fte[9,11,14) 3 24 % ¢ fite s o RHE e B Hes HizE
JRZ % WA ER R B o ok 441 U E R 4420 Bots 0 T LRSS

ke A ¥ 12[(9, 1), 14] -

% 441 # g Hoe[9, 11, 4] ehiE i s aErE AE

AE 9 11 14
9 0 4.64 31.19
1 0 31.19

14 0
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30442 #4911, 14] % & o A 3 13 E R

21 |[(9,11), 14] GMI=2.322

GMI=7.448

f® 2 [(9, 11, 14)]

AP A RA S B R ¥ AR SRR N - H 2

Mg d ek il A 2 A iT- A fEEAeE T B ke ([(1 2 4, 6,8, 10)]~

[(9,11), 14] ~ [S] ~ [7] -

4.2.1424%

APRIANPPLFEEEFE TeengE A Ay Y 24 s FEEE vt i LM

S AT R

%443 feAsHEBRLR

Tseng % 4 (42t & R 215) |[1,2,4]-[5]~[7,8 9 10] ~ [11, 14]

[(4,2,4,6,8,10)] ~ [(9, 11), 14] ~ [5] ~ [7]

h 2

BEAR/T L FA L ELAFERE A TeNg F AR ¢ TAL A RF

THEORREF AR oo b BET ARHT AT AL N ERHEN 0 A & Tseng
FABmYAL PEFEE8FRONEFEI0N G- e REAENFE T EH
BREEDFRAMAET AR o I AP e R AR FE A

AR Y 1R F A Rkt

a

Tseng ¥ 4 3% 4 £ %)% g5 - %

CH NG VR F TR ST TR BT JEDNEA S
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Febo R Qe o HE S BTengE A h~ ¢ 14 4 %3

AR

ETIS

Tseng & A #h 2 ¢ 4 £ A AN B4R S P M Roa 2R P

Gty EenT b o APRE F

-

R eoCE R Y B WA B4R
reanS b o PR EET RapR A

EF A Bkt APt 2
Ak bl GAH S L AR A HEORERB NG e HEH R RN%I

R T TR E il X

A AR = AT B T g 2 E 03~ Wang F 4 (2010)wm v ¢ o

EEH 2R FHEPTIRE AR AL BN LA B RN S

fraeod st Wang A 2> o AT EenH BN G LTETALEZ

LR R AL HEE R T SR > LB AK 2

“~

2% Z Al 332 &
FNDRR] MRS ERTHCE R RINE B Ad o g A S A

F\ mk IJ'Jg\ Fg}b"i /—*%5']51"&["@48|1£%\'4440
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Bl 4.8 T+ gk RFRE(Wang ¥ £, 2010)
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At

BY

P EE R A 20

Vi ik PR 322 @tk 2 cnfg it R 2 %7, HE BB ML L

FRE26BIEEEE s ok

4.45 -
# 444 T FFRLA&SFE L
1 BTDL-Coat 12 Keyboard Top Case 23 Speaker
2 Display Bottom Case | 13 Rubber Sheet 24 Main PCB
3 Display 14 On/Off Key 25 Battery Connect (-)
4 Spring 15 Main2-Key 26 Screw
5 Screw 16 Mainl-Key 27 Rubber Foot
6 Steel Plate 17 Fun-Key 28 Battery Door
7 FPCB 18 Steel Plate 29 Screw
8 Display Top Case 19 Door Knob 30 Keyboard Bottom Case
9 Hinge 20 Battery Connect(+) 31 Tape
10 Cover-TPDL 21 Screw 32 Speaker Net
11 Display Overlay 22 Battery
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40445 TFBLASEEL(E )

1 BTDL-Coat 12 Keyboard Top Case | 23 Speaker

2 Display Bottom Case | 13 Rubber Sheet 24 Main PCB

3 Display 14 On/Off Key 25 Battery Connect (-)

6 Steel Plate 15 Main2-Key 27 Rubber Foot

7 FPCB 16 Mainl-Key 28 Battery Door

8 Display Top Case 17 Fun-Key 30 Keyboard Bottom Case
9 Hinge 18 Steel Plate 31 Tape

10 Cover-TPDL 19 Door Knob 32 Speaker Net

11 Display Overlay 20 Battery Connect(+)

PR OB R LW R PRP R R RFA PR i

RF+12% > fed 33L& PN DT B TG A4 # e
4.3.2 pedgsE L (D)
B APHrHEIASAAERELED 2 "SR BESGM BT L6

FAFEATGH N B AR RIRERR F LES R R AnS R R £ K

PIE 5 20 Y A A4 w A o B (9T A 4 anpedpaE i dod 4.46 ¢
4.3.3 B BEEL(TR)
B 4328 AP A B2 pEREE D BF O APT ud jEREL D A 4

RIREL TR Pl a3 PENAASY B ) HH U F R AMEDEE - ¢
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WA R o 432 BEdeE D SR 4 e TR A0 447 -
= =,
434 7 FEL(Q)
d 433§k 2 MRET TR 7 URE VL F 2 AL N R
Bt o fRF AR Y- BRI SEABPEL TR AP RT
FPCB 2 % i* 24ManPCB § (+4 & L ek 3 o B s ch} w2 plg i L¥ § T

T F 0 PV LA MBS R BT L Qirk 448

% 446 jEaied D(1)

D |1 2 3 6, e &g [9 10 |11 |12 |13
1 |0 2 2 ¥ i ™ 212 2 |2 2 |2
2 0 |2 2 2 a1 | 2 2 |2 2 |2
3 0 el il 20 1@ 2 |2 2 |2
6 0" g2 o "2 2 |2 2 |2
7 0O (2 |2 2 |2 2 |2
8 0 |2 2 |2 2 |2
9 0O |2 |2 2 |2
10 0 |2 2 |2
1 0O |2 |2
12 0 |2
13 0
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IEEAEE D(2)

% 4.46

16

24

23

20

19

18

17

15

14

10
1
12
13
14
15
16
17
18
19
20
23
24
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i3t sE . D(3)
28

% 4.46

27

32

31

30

25

10
11

12
13
14
15
16
17
18
19
20
23
24
25
27

28
30

31

32
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% 447 g mm¥EEdL TR

1 BTDL-Coat

2 Display Bottom Case

3 Display

6 Steel Plate

7 FPCB

8 Display Top Case

9 Hinge

10 Cover-TPDL

11 Display Overlay

12 Keyboard Top Case

13 Rubber Sheet

14 On/Off Key

15 Main2-Key

16 Mainl-Key

17 Fun-Key

18 Steel Plate

19 Door Knob

20 Battery Connect(+)

23 Speaker

24 Main PCB

25 Battery Connect (-)

27 Rubber Foot

28 Battery Door

30 Keyboard Bottom Case

31 Tape

32 Speaker Net

OO0 0O|0O|RP|d|P|IPIO OO O|lO|O|O|lO|lO/OjO|O|N|O|+|O|O
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% 448 ¢ EEEQ

1 BTDL-Coat -1
2 Display Bottom Case -1
3 Display -1
6 Steel Plate -1
7 FPCB +2
8 Display Top Case -1
9 Hinge -1
10 Cover-TPDL -1
11 Display Overlay -1
12 Keyboard Top Case -1
13 Rubber Sheet -1
14 On/Off Key -1
15 Main2-Key -1
16 Mainl-Key -1
17 Fun-Key -1
18 Steel Plate -1
19 Door Knob -1
20 Battery Connect(+) -1
23 Speaker -1
24 Main PCB +4
25 Battery Connect (-) -1
27 Rubber Foot -1
28 Battery Door -1
30 Keyboard Bottom Case -1
31 Tape -1
32 Speaker Net -1
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435 + § &2 (F)

d 432 et D V2 434 53 L Qo APy F ~» 33512

kQ;Q;
—

ij

DRkt ANF=— VBB SRS SN - AN R e

B Rl 4 (s, T A4 A4 FAEELF ok 4490

436 E+ €% 4 2 (MF)

AGRA L B EY S ELMP R ASN FRE AL PRl B kg o

95 435 974 4 chd L F> L & Bend + i 4 MF 4= 2 4.50 -

I

A2 B IEr S apd MF (02 % & 28 iR 3 Pronil b R sl o
434 $E/ ST B TR DRT AR HH20 TR PR R k] x5

v 1X(+2)x(—-1 e 4 g 2 - o b o vl
4y p = o XEDXED 1)2( )= 20 oA fE% 4 MF |3 o Bo gl 4 ehf it s 4k

TSP F 0 F L X TRECEA

BMEAEEPN 5 dp Bt msl4 » P HE Awmild 2 A3t R34 dri ik
ko] sl 4 G 0 £ H 5 AT BRI i B A SR e b 4e MFs=MF7=2
MF20=MF23= MFos= MFo5-4 > B 7 11 & & %[3,7] ~[20, 23, 24, 25] % & B A4 £ @
WM PR e 3t T LR R ) o R S T 23
7]~ [20,23,24,25] ~ [1] ~ [2] ~ [6] ~ [8] ~ [9] ~ [10] ~ [11] ~ [12] ~ [13] ~ [14] ~ [15] ~

[16] ~ [17] ~ [18] ~ [19] ~ [27] ~ [28] ~ [30] ~ [31] ~ [32] -
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% 449 4 Bt F(L)
F 1 2 3 6 7 8 9 10 11 12 13 14 15
1 0| -025 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
2 -0.25 0| -025 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
3 -0.25 | -0.25 0| -0.25 2| -025| -025| -025 | -025 | -025 | -0.25 | -0.25 | -0.25
6 -0.25 | -0.25 | -0.25 0 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
7 0.5 0.5 2 0.5 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
8 -0.25 | -0.25 | -0.25 | -0.25 0.5 0| -025| -025 | -025 | -025 | -0.25 | -0.25 | -0.25
9 -0.25 | -0.25 | -0.25 | -0.25 05 | -0.25 0| -025| -025 | -025 | -0.25 | -0.25 | -0.25
10 -0.25 | -0.25 | -0.25 | -0.25 05 | -0.25 | -0.25 0| -025 | -025 | -0.25 | -0.25 | -0.25
11 -0.25 | -0.25 | -0.25 | -0.25 05| -025 | -0.25 | -0.25 0| -025 | -025 | -0.25 | -0.25
12 -0.25 | -0.25 | -0.25 | -0.25 05| -025 | -0.25 | -0.25 | -0.25 0] -025 | -0.25 | -0.25
13 -0.25 | -0.25 | -0.25 | -0.25 05| -025 | -025 | -025 | -0.25 | -0.25 0| -025 | -0.25
14 -0.25 | -0.25 | -0.25 | -0.25 05| -025 | -025 | -025 | -0.25 | -0.25 | -0.25 0| -0.25
15 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 0
16 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
17 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
18 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
19 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
20 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25
23 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
24 1 1 1 1 -8 1 1 1 1 1 1 1 1
25 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
27 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
28 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
30 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
31 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
32 -0.25 | -0.25 | -0.25 | -0.25 05| -025| -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 | -0.25
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%449 4 Rt F(2)
F 16 17 18 19 20 23 24 25 27 28 30 31 32
1 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
2 -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
3 -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
6 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
7 0.5 0.5 0.5 0.5 0.5 0.5 -8 0.5 0.5 0.5 0.5 0.5 0.5
8 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
9 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
10 -0.25 | -0.25 | -025 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
11 -0.25 | -0.25 | -025 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
12 -0.25 | -0.25 | -025 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
13 -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
14 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
15 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
16 0| -025| -025 | -025 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
17 -0.25 0| -025 | -025 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
18 -0.25 | -0.25 0| -025 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
19 -0.25 | -0.25 | -0.25 0| -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 | -0.25
20 -0.25 | -0.25 | -0.25 | -0.25 0| -0.25 4| -025 | -025 | -025 | -0.25 | -0.25 | -0.25
23 025 | -025 | -0.25 | -0.25 | -0.25 0 4| -025| -025 | -025 | -0.25 | -0.25 | -0.25
24 1 1 1 1 4 4 0 4 1 1 1 1 1
25 -0.25 | -025 | -025 | -0.25 | -0.25 | -0.25 4 0| -025 | -025 | -0.25 | -0.25 | -0.25
27 -0.25 | -025 | -025 | -0.25 | -0.25 | -0.25 1| -0.25 0| -025 | -025 | -0.25 | -0.25
28 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -0.25 0] -025 | -0.25 | -0.25
30 -025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025 | -0.25 | -0.25 0| -025 | -0.25
31 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -0.25 | -0.25 0| -0.25
32 025 | -025 | -0.25 | -0.25 | -0.25 | -0.25 1| -025| -025 | -025 | -0.25 | -0.25 0
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# 450 H +iv* 4 2L MF

1 BTDL-Coat

2 Display Bottom Case

3 Display

6 Steel Plate

7 FPCB

8 Display Top Case

9 Hinge

10 Cover-TPDL

11 Display Overlay

12 Keyboard Top Case

13 Rubber Sheet

14 On/Off Key

15 Main2-Key

16 Mainl-Key

17 Fun-Key

18 Steel Plate

19 Door Knob

20 Battery Connect(+)

23 Speaker

24 Main PCB

25 Battery Connect (-)

27 Rubber Foot

28 Battery Door

30 Keyboard Bottom Case

31 Tape

32 Speaker Net

RPiRPrRP[RP[RPIdD PP IPRPIPIPRPIPIPRPIPRPIPRP[PIP[PIP[P[IN[P[N[FR [P
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437 ¥ % RAEEA XA T H e

B 436 A PER] T A B OvES &M GaoH i e R H S R e iR
R P ArE b RS e G M B EFREIEEMRFI RN A

fe® BIEFO BB F MBI E > EE L - BAFH AR

2 5 %350 [3,7] ~ [20, 23,24, 25| ek 3R 0 % 5 7TFPCB 11 2
T 24ManPCB » d BEHLE LT § 016 0 gyt BB EM G0 SmE s p T
Mgt - RS 0 & 5[3,7,20,23,24,25] o & gt o Bfs gkt 4wk i gk b
e i foede™ 1 [3,7,20,23,24,25] ~[1]~[2] - [6] ~ [8] ~ [9] ~ [10] ~ [11] ~ [12] ~

[13] ~ [14] ~ [19] ~ [16] ~ [17] ~ [18] ~ [19] ~ [27] ~ [28] ~ [30] ~ [31] ~ [32] -
4.3.8 # i 4p B B 2L (FC)

‘flj’* CE R RE R TIEA 0 & B R R REEATA S s i e e HE
A4 B e s HiE 'FT Lo fhE2HAaipMREEL FCo 5d 4rk 432
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# 451

I B A B et i s

P M R RREMG | MEIEMG | FeraMG | He MG

[3,7,20,23,24,2 | [3,7,13,14,15,1 PRy
[8,9,10] 5] 6,17,23,24] [1,3,8,11]
[12,19,27,28,3
0] [1] [1] [2]
[13,14,15,16,1
7] [2] (2] [6]
[1] [6] [6] [7]
(2] [8] [8] [9]
[3] [9] [9] [10]
[6] [10] [10] [12]
(7] [11] [11] [13]
[11] [12] [12] [14]
[18] [13] [18] [15]
[20] [14] [19] [16]
[23] [15] [20] [17]
[24] [16] [25] [18]
[25] [17] [27] [19]
[31] [18] [28] [20]
[32] [19] [30] [23]

[27] [31] [24]

[28] [32] [25]

[30] [27]

[31] [28]

[32] [30]

[31]
[32]
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I AT A B w A BRERRE CRBLEL L chfiCle A R > APV 2 B i

RAEE o NP R S F F A S BRI R T &

* 452 i fé"fg

W s wan i W 2 wign i W osushegen 4 W 2wt W s m i

0.19 0.21 0.23 0.21 0.16

d £ A5 ek M TR A RS U E AR N R g

ViE B ipM R > 4ok 4530

4 453 # 5 Ap M R AEE(D)

FC 1 2 3 6 7 8 9 10 n 12
1 0 001 |021 |001 |0O01 |O21 |0O0O1 |0O0O1 |0O21 |O.01
2 0 001 |001 |001 |0O0O1 |[0O0O1 |0O0O1 |0O.01 |O.01
3 0 001 |044 | 021 (001 |0O0O1 021 |0.01
6 0 001 (001 (001 001 001 |0O.01
7 0 001 (001 |0.01 |001 |0O.01
8 0 019 (019 | 021 | 0.01
9 0 0.19 | 0.01 | 0.01

10 0 001 |0.01

1 0 0.01

12 0
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% 453 i dp MR AEE(2)

FC 13 14 15 16 17 18 19
1 0.01 0.01 0.01 0.01 0.01 0.01 0.01
2 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3 0.23 0.23 0.23 0.23 0.23 0.01 0.01
6 0.01 0.01 0.01 0.01 0.01 0.01 0.01
7 0.23 0.23 0.23 0.23 0.23 0.01 0.01
8 0.01 0.01 0.01 0.01 0.01 0.01 0.01
9 0.01 0.01 0.01 0.01 0.01 0.01 0.01

10 0.01 0.01 0.01 0.01 0.01 0.01 0.01
11 0.01 0.01 0.01 0.01 0.01 0.01 0.01
12 0.01 0.01 0.01 0.01 0.01 0.01 0.19
13 0 0.42 0.42 0.42 0.42 0.01 0.01
14 0 0.42 0.42 0.42 0.01 0.01
15 0 0.42 0.42 0.01 0.01
16 0 0.42 0.01 0.01
17 0 0.01 0.01
18 0 0.01
19 0
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% 453 i 4p M BB (3)

FC 20 23 24 25 27 28 30 31 32
1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
2 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3 0.21 0.44 0.44 0.21 0.01 0.01 0.01 0.01 0.01
6 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
7 0.21 0.44 0.01 0.21 0.01 0.01 0.01 0.01 0.01
8 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
9 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

10 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

12 0.01 0.01 0.01 0.01 0.19 0.19 0.19 0.01 0.01

13 0.01 0.23 0.01 0.01 0.01 0.01 0.01 0.01 0.01

14 0.01 0.23 0.01 0.01 0.01 0.01 0.01 0.01 0.01

15 0.01 0.23 0.01 0.01 0.01 0.01 0.01 0.01 0.01

16 0.01 0.23 0.01 0.01 0.01 0.01 0.01 0.01 0.01

17 0.01 0.23 0.01 0.01 0.01 0.01 0.01 0.01 0.01

18 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

19 0.01 0.01 0.01 0.01 0.19 0.19 0.19 0.01 0.01

20 0 0.21 0.01 0.21 0.01 0.01 0.01 0.01 0.01

23 0 0.01 0.21 0.01 0.01 0.01 0.01 0.01

24 0.01 0.21 0.01 0.01 0.01 0.01 0.01

25 0 0.01 0.01 0.01 0.01 0.01

27 0 0.19 0.19 0.01 0.01

28 0 0.19 0.01 0.01

30 0 0.01 0.01

31 0 0.01

32 0
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439 F i thit 8542 (AC)

k
d 342 &/ 3| i BB T RAC = % N N R e
BB A BHL 5 T k=5 A F it E 5 260 4 N=26 o 4ot v A 4 1
FEACHE Ly £

# 454 i+ FiEaEdL AC

1 BTDL-Coat 0.016
2 Display Bottom Case 0.008
3 Display 0.032
6 Steel Plate 0.00008
7 FPCB 0.032
8 Display Top Case 0.024
9 Hinge 0.032
10 Cover-TPDL 0.008
11 Display Overlay 0.008
12 Keyboard Top Case 0.024
13 Rubber Sheet 0.04
14 On/Off Key 0.016
15 Main2-Key 0.016
16 Mainl-Key 0.016
17 Fun-Key 0.016
18 Steel Plate 0.00008
19 Door Knob 0.016
20 Battery Connect(+) 0.016
23 Speaker 0.016
24 Main PCB 0.104
25 Battery Connect (-) 0.016
27 Rubber Foot 0.008
28 Battery Door 0.024
30 Keyboard Bottom Case 0.04
31 Tape 0.00008
32 Speaker Net 0.008
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4310 % B F RiET R (AE)A N H N e L &

4 438§ 1% 439 &4 ERH i ApMRELFCHERELACHE {7

1

vk o~ 334 &eE it in AERE 2 VAR = W MFEFeEES S F
2B G AE TR e RS P A FE iR AE AT A
% 455 & aet AE(D)

1 2 3 6 7 8 9
110 8838.8 2104 88388.3 | 44194 243.0 44194
2 0 6250.0 125000.0 | 6250.0 7216.9 6250.0
3 0 62500.0 |71.0 171.8 3125.0
6 0 62500.0 | 72168.8 | 62500.0
7 0 3608.4 3125.0
8 0 189.9
9 0

% 455 &g sE AE(Q)

10 11 12 13 14 15 16
1 8838.8 | 420.9 5103.1 3952.8 6250.0 6250.0 6250.0
2 12500.0 | 12500.0 | 7216.9 5590.2 8838.8 8838.8 8838.8
3 6250.0 | 297.6 3608.4 121.5 192.1 192.1 192.1
6 | 125000.0 | 125000.0 | 72168.8 | 55901.7 | 88388.3 | 88388.3 | 88388.3
7 6250.0 | 6250.0 3608.4 121.5 192.1 192.1 192.1
8 379.8 | 343.7 4166.7 |32275 |51031 |5103.1 |5103.1
9 328.9 | 6250.0 3608.4 2795.1 4419.4 44194 44194
10 01]12500.0 | 7216.9 5590.2 8838.8 8838.8 8838.8
11 0 7216.9 5590.2 8838.8 8838.8 8838.8
12 0 3227.5 5103.1 5103.1 5103.1
13 0 94.1 94.1 94.1
14 0 148.8 148.8
15 0 148.8
16 0
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% 455 &1 i 4E AE(3)
17 18 19 20 23 24

1 |6250.0 883883 | 6250.0 6250.0 6250.0 2451.5
2 | 83388 125000.0 | 8838.8 8338.8 8338.8 3466.9
3 |192.1 62500.0 | 4419.4 210.4 100.4 39.4
6 |8383883 |1250000.0 |88388.3 |88388.3 |88388.3 | 34668.8
7 | 1921 62500.0 | 4419.4 210.4 100.4 1733.4
8 |5103.1 721688  |5103.1 5103.1 5103.1 2001.6
9 | 4419.4 62500.0 | 4419.4 4419.4 4419.4 1733.4
10 | 8838.8 125000.0 | 8838.8 8838.8 8838.8 3466.9
11 | 8838.8 125000.0 | 8838.8 8838.8 8838.8 3466.9
12 | 5103.1 721688 | 268.6 5103.1 5103.1 2001.6
13 | 94.1 55901.7 | 3952.8 3952.8 171.9 1550.4
14 | 148.8 883883 | 6250.0 6250.0 271.7 2451.5
15 | 148.8 883883 | 6250.0 6250.0 271.7 2451.5
16 | 148.8 883883 | 6250.0 6250.0 271.7 2451.5
17 |0 883883 | 6250.0 6250.0 271.7 2451.5
18 0 883883 [88388.3 [88388.3 | 34668.8
19 0 6250.0 6250.0 2451.5
20 0 297.6 2451.5
23 0 2451.5
24 0

139




% 455 & i aEtt AE(4)

25 27 28 30 31 32
1 | 6250.0 8838.8 5103.1 3952.8 88388.3 8838.8
2 | 8838.8 12500.0 7216.9 5590.2 125000.0 | 12500.0
3 2104 6250.0 3608.4 2795.1 62500.0 6250.0
6 | 88388.3 125000.0 | 72168.8 55901.7 1250000.0 | 125000.0
7 | 2104 6250.0 3608.4 2795.1 62500.0 6250.0
8 |5103.1 7216.9 4166.7 3227.5 72168.8 7216.9
9 | 44194 6250.0 3608.4 2795.1 62500.0 6250.0
10 | 8838.8 12500.0 7216.9 5590.2 125000.0 | 12500.0
11 | 8838.8 12500.0 7216.9 5590.2 125000.0 | 12500.0
12 | 5103.1 379.8 219.3 169.9 72168.8 7216.9
13 | 3952.8 5590.2 3227.5 2500.0 55901.7 5590.2
14 | 6250.0 8838.8 5103.1 3952.8 88388.3 8838.8
15| 6250.0 8838.8 5103.1 3952.8 88388.3 8838.8
16 | 6250.0 8838.8 5103.1 3952.8 88388.3 8838.8
17 | 6250.0 8838.8 5103.1 3952.8 88388.3 8838.8
18 | 88388.3 125000.0 | 72168.8 55901.7 1250000.0 | 125000.0
19 | 6250.0 465.2 268.6 208.0 88388.3 8838.8
20| 297.6 8838.8 5103.1 3952.8 88388.3 8838.8
23| 297.6 8838.8 5103.1 3952.8 88388.3 8838.8
24 | 116.7 3466.9 2001.6 1550.4 34668.8 3466.9
25|10 8838.8 5103.1 3952.8 88388.3 8838.8
27 0 379.8 294.2 125000.0 | 12500.0
28 0 169.9 72168.8 7216.9
30 0 55901.7 5590.2
31 0 125000.0
32 0
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}i;I‘/'\:L' ;\: FM] = Mean(AESReacted) s v}(\_"%\» 4.56 o

parts in module(s)

21§
CR N

2EBH AN EEERON R TR Ml B2t > A PER TR
TR o] fE 11 17 5 B dhe e A 311, 3,7,8,9, 13, 14, 15, 16, 17, 20, 23,
24,25] ~ [12, 19, 28,30] ~ [2] ~ [3] ~ [10] ~ [11] ~ [18] ~ [27] ~ [31] ~ [32] = & i # it

e ERarafire? T ER Fio™ B -

Functional Module Instability

200
180
160
140
120

100 e Functional Module
80 Instability

60
40
20

141



7 456 #a BoEEE f2(D)

iz 1 iz 2 1% 3 i% 4 i35 i 6
[3, 24] [3,7,24] [[3,7,24] |[[37,23, |[3723 |[37 13
24] 24, 25] 14, 15, 16,

17, 23, 24,
25]

[1] [1] [13, 14, 15, |[13, 14,15, |[13, 14,15, |[1]

16, 17] 16, 17] 16, 17]

[2] [2] [1] [1] [1] [2]

[6] [6] (2] (2] [2] [6]

[7] [8] [6] (6] [6] [8]

[8] [9] (8] (8] [8] [9]

[9] [10] [9] (9] [9] [10]

[10] [11] [10] [10] [10] [11]

[11] [12] [11] [11] [11] [12]

[12] [13] [12] [12] [12] [18]

[13] [14] [18] [18] [18] [19]

[14] [15] [19] [19] [19] [20]

[15] [16] [20] [20] [20] [27]

[16] [17] [23] [25] [27] [28]

[17] [18] [25] [27] [28] [30]

[18] [19] [27] [28] [30] [31]

[19] [20] [28] [30] [31] [32]

[20] [23] [30] [31] [32]

[23] [25] [31] [32]

[25] [27] [32]

[27] [28]

[28] [30]

[30] [31]

[31] [32]

[32]

FMI=19.70 | FMI=18.40 |FMI=10.14 |FMI=9.32 |FMI=8.80 |FMI=9.17
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7 456 # 5 BRI fR(2)

27 iz 8 29 2 10 i 11 1% 12
[1,3,7,8 |[L3 7,8

[3,7,13, |[[3,7.8,13, [[3,7,8,9, [[37,8,9, |913 14 |9 13 14,

14,15,16, |14,15,16, |13, 14,15 |13, 14,15 |15, 16,17, |15, 16,17,

17,23,24, |17,23,24, |16,17,23, |16,17,23, |20,23 24, |20,23, 24,

25] 25] 24, 25] 24, 25] 25] 25]
[12,19, 28, |[12, 19,28, |[12, 19, 27,

[12,28,30] |[12, 28,30] |[12, 28,30] |30] 30] 28, 30]

[1] [1] [1] [1] [2] [2]

[2] [2] (2] [2] [6] [6]

[6] [6] [6] (6] [10] [10]

[8] [9] [10] [10] [11] [11]

[9] [10] [11] [11] [18] [18]

[10] [11] [18] [18] [27] [31]

[11] [18] [19] [20] [31] [32]

[18] [19] [20] [27] [32]

[19] [20] [27] [31]

[20] [27] [31] [32]

[27] [31] [32]

[31] [32]

[32]

FMI=8.15 |FMI=7.96 |FMI=7.83 |FMI=7.75 |FMI=7.49 |FMI=7.58
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% 4.56

i W 0% i 12 (3)

1% 13 i% 14 i% 15 i% 16 i% 17

[1,3,7,89 |[1,237809 [[123678,
10,11, 12,13, | 10,11, 12,13, |9, 10,11, 12,

[1,3,7,8,9 |[1,378,9, |14 1516 17, |14, 15 16 17, |13, 14,15, 16,

11,13, 14,15, | 10,11, 13,14, |19,20,23,24, |19,20,23 24, | 17,18, 19, 20,

16,17, 20, 23, | 15,16,17,20, |25,27,28,30] | 25,27,28,30, | 23,24, 25,27,

24, 25] 23, 24, 25] 32] 28, 30, 31,3 2]

[12, 19, 27, 28, | [12, 19, 27, 28, | [2] [6]

30] 30]

[2] (2] [6] [18]

[6] (6] [18] [31]

[10] (18] [31] [32]

[18] [31] [32]

[31] [32]

[32]

FMI=7.63 FMI=7.71 FMI=10.30 FMI1=22.25 FMI=177.33

4311% ¢ fp i B 2L (GS)

LA FE R R AL o P B RN % e § AR

NHEE S AR REL GSe AP ART I L A S > RN H L HER L F
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P
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4
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A
=
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# 457 TFHLASENF RS B
[1,3,7,8,9, 13, 14, SEEi T | FREAIF | F RS A | T s
15, 16, 17, 20, 23, 24,
25]
1 BTDL-Coat E ¥ ¥ A ¥
3 Display TIRAP | AT v 3 ¥ v
7 FPCB TIRAP | AT a 37 a
8 Display Top Case ) ¥ 3w 3w 3w
9 Hinge 48 ¥ * ¥ ¥ ¥
13 Rubber Sheet E ¥ * ¥ ¥ ¥
14 On/Off Key i ¥ % ¥ ¥
15 Main2-Key i85 ¥ L v v
16 Mainl-Key i85 ¥ L v v
17 Fun-Key i85 ¥ L v v
20 Battery Connect i & B ¥ v E
(+)
23 Speaker TIRRNP |AT ¥ 27 'a
24 Main PCB THEAF | 2T ¥ 3 ¥
25 Battery Connect i i #+ F v * ¥
()
% 457 T 3L A FnFE %I HHE(2
[12,19,28,30] | ## Frde | FEAIY | vRFAE | FAR
12 Keyboard
Top Case E) ¥ ¥ ¥ ¥
19 Door Knob E) ¥ ¥ ¥ * ¥
28 Battery Door | # ¥} ¥ ¥ ¥ ¥
30 Keyboard
Bottom Case R ¥ * * E
# 458 TFpLa%d FPEE
W st ap i W = o et W ez W = g amp W w2
0.19 0.19 0.18 0.22 0.22
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B g BERERT RS BEFR A PT ORI A FAS
poehr a0 [l, 3,7, 8,9, 13, 14, 15, 16, 17, 20, 23, 24, 25| = % ¢ 4p i R 4B GS»

L

% 459 o #-e[l,3,7,8,9, 13,14, 15, 16, 17, 20, 23, 24, 25] 1% & 4p i & 4EL

GS(1)

GS 1 3 7 8 9 13 14
1 0 0.532 [ 0.532 | 0.534 | 0.388 | 0.578 | 0.388
3 0 0.855 | 0.154 | 0.198 | 0.198 | 0.198
7 0 0.154 | 0.198 | 0.198 | 0.198
8 0 0.316 | 0.506 | 0.316
9 0 0.734 | 0.924

13 0 0.756
14 0

% 459 # i #-e[l,3,7,8,9 13, 14, 15, 16, 17, 20, 23, 24, 25] 1% & 4p i & 4B

GS(2)
GS 15 16 17 20 23 24 25
1 0.388 [ 0.388 | 0.388 | 0.19 |0.532 |0.532 | 0.19
3 0.198 | 0.198 | 0.198 | 0.01 |0.855 | 0.855 | 0.01
7 0.198 | 0.198 | 0.198 | 0.01 |0.855 |0.01 |0.01
8
9

0.316 | 0.316 | 0.316 | 047 |0.154 | 0.154 | 0.47

0924 | 0924 | 0924 | 0.726 | 0.198 | 0.198 | 0.726
13 | 0.756 | 0.756 | 0.756 | 0.536 | 0.154 | 0.154 | 0.536
14 | 0.946 | 0.946 | 0.946 | 0.726 | 0.198 | 0.198 | 0.726

15 |0 0.946 | 0946 | 0.726 | 0.198 | 0.198 | 0.726
16 0 0.946 | 0.726 | 0.198 | 0.198 | 0.726
17 0 0.726 | 0.198 | 0.198 | 0.726
20 0 001 |(001 |O0.88
23 0 0.855 | 0.01
24 0 0.01
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4312 % ¢ #3.R 4B*L(GD)

HEISIFHEI HRAELGCGD PN AZ K APVE2RLFFA T2

R e[l,3,7,8,9 13, 14, 15, 16, 17, 20, 23, 24, 25] e & 42 & 4E*"

!

# 460 #iH-e[l,3,7,8,9 13,14, 15, 16, 17, 20, 23, 24, 25] 1% ¢ 42 & &L GD

1 BTDL-Coat 0.728395
3 Display 0.493827
7 FPCB 0.493827
8 Display Top Case 0.234568
9 Hinge 0.777778
13 Rubber Sheet 0.777778
14 On/Off Key 0.777778
15 Main2-Key 0.777778
16 Mainl-Key 0.777778
17 Fun-Key 0.777778
20 Battery Connect (+) | 0.506173
23 Speaker 0.493827
24 Main PCB 0.493827
25 Battery Connect (-) 0.506173
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4313 k* B F s i

354 & s it iy 2 N AE; =

1

[GD;XGDXGSj

SAEEL Y% el &

A a4311 Hen% g 4p iR EE GS 112 4312 § e ¢ 2R <L GD ¥~

B e[, 3,7,8,9, 13, 14, 15,

16, 17, 20, 23, 24, 25] e i & SErE AE o gL g B S i s e Ao T 4

% 461 = t-e[l,3,7,8,9 13, 14, 15, 16, 17, 20, 23, 24, 25] % i+ & &L AE(L)
1 3 7 8 9 13 14
1 |0 5.225723 | 5.225723 | 10.96032 | 4.549312 | 3.053864 | 4.549312
3 0 4.796053 | 56.05776 | 13.14935 | 13.14935 | 13.14935
7 0 56.05776 | 13.14935 | 13.14935 | 13.14935
8 0 17.34558 | 10.83242 | 17.34558
9 0 2.252127 | 1.789027
13 0 2.186589
14 0
# 4.61 #wH-e[l,3,7,89 13,14, 15, 16, 17, 20, 23, 24, 25] 177 1t i 4B AE(2)
15 16 17 20 23 24 25

1 | 4549312 | 4549312 | 4.549312 | 14.27515 | 5.225723 | 5.225723 | 14.27515
3 | 13.14935 | 13.14935 | 13.14935 | 400.061 | 4.796053 | 4.796053 | 400.061
7 | 13.14935 | 13.14935 | 13.14935 | 400.061 | 4.796053 | 410.0625 | 400.061
8 | 17.34558 | 17.34558 | 17.34558 | 17.91986 | 56.05776 | 56.05776 | 17.91986
9 | 1789027 | 1.789027 | 1.789027 | 3.498719 | 13.14935 | 13.14935 | 3.498719
13 | 2.186589 | 2.186589 | 2.186589 | 4.738936 | 16.90631 | 16.90631 | 4.738936
14 | 1.747422 | 1.747422 | 1.747422 | 3.498719 | 13.14935 | 13.14935 | 3.498719
15 |0 1.747422 | 1.747422 | 3.498719 | 13.14935 | 13.14935 | 3.498719
16 0 1.747422 | 3.498719 | 13.14935 | 13.14935 | 3.498719
17 0 3.498719 | 13.14935 | 13.14935 | 3.498719
20 0 400.061 | 400.061 | 4.435266
23 0 4.796053 | 400.061
24 0 400.061
25 0
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BEE R AE SN LR TR R ALt A B
it F R R TS B 2MNFELE S S-S

FE- et ERE 2t R BIFERAS P R HEFEE- - =T R

= »
(<

BEG BB o BT MEBHI s HEERTY » 3548 TR NG e fE

Mean(AESReacted)

TRIFTEFNGCMI = B 1 A

parts in module(s)

% 462 #wtc[l,3,7,8,9 13, 14, 15, 16, 17, 20, 23, 24, 25] i3 & il o 3 iF

F 2
721 |[(14, 15,16, 17), 1,3, 7,8, 9, 13, 20, 23, 24, 25] GMI= 0.4368
722 | [(9 14,15, 16,17), 1, 3, 7, 8, 13, 20, 23, 24, 25] GMI=0.3515
723 | [(9 13,14, 15, 16, 17), 1, 3, 7, 8, 20, 23, 24, 25] GMI=0.3072
724 |[(1,9 13,14, 15, 16, 17), 3, 7, 8, 20, 23, 24, 25] GMI=0.2922
725 | [(L 9, 13,14, 15, 16, 17, 20, 25), 3, 7, 8, 23, 24] GMI=0.2676

726 | [(1,9, 13, 14, 15, 16, 17, 20, 25), (3, 7, 23, 24), 8] | GMI=0.2354

27 |[(1,3,7,9 13, 14, 15, 16, 17, 20, 23, 24, 25), 8] GMI=0.2493

728 |[(1 3,7 8,9, 13, 14, 15, 16, 17, 20, 23, 24, 25)] GMI=0.2732

LERE BRI e A HEERNSS e d £ R GMI B2 > APrER
AR R B fE 60 1T 5 i R e AR 1[(L, 9, 13, 14, 15, 16, 17, 20, 25),

(3,7,23,24),8] - & B d Wiz fdndd e 2 27 2R F4cB 4100
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Green Module Instability
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Eﬁl E%Z 5%3 Eﬂ4 EﬁS EﬂS EJ@7 EJZLLS

B 410 = #-2[1,3,7,8,9, 13, 14, 15, 16, 17, 20, 23, 24, 25] 1% & fire 7 48 2

i3

FI% 4ok vz 4 0 e[, 3,7,8,9,13, 14, 15, 16, 17, 20, 23, 24, 25] 4 2 &
¢ A FE AR AP T U H i e]12,19,28,30) 4 4 & ¢ WA o d 3

i e [12,19,28, 30| p chR it o B d B EApk o A4 B

i

v A 2
KL=

2% 5[(12, 19, 28, 30)] -

APOELIE ST T RE ASAL PN RE > B AR GRS i At
HL % Bl okl Ak A - RECefE T B AT ([(L 9,13 14,
15, 16, 17, 20, 25), (3, 7, 23, 24), 8] ~ [(12, 19, 28, 30)] ~ [2] ~ [6] ~ [10] ~ [11] ~ [18] ~

[27] ~ [31] ~ [32]
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4.3.14 31 #

AR, FE S 2 Wang ¥ 4 (2010)7 = P A 4 s EE ot i o

A R A T 4

+ 463 fErFELE R

Wang % < |[18,19,30] ~[1 2] ~[3 11] - [6,8, 9, 10] - [12, 13] ~ | FMI=317.45

(FtpLa & |[7,23,24] ~ [20,25] - [27,28,30] ~ [14, 15, 16,17] ~

R 214) [31]
N [(1,9, 13,14, 15, 16, 17, 20, 25), (3, 7, 23, 24), 8] ~ FM1=7.49

[(12, 19, 28, 30)] ~ [2] ~ [6] ~ [10] ~ [11] ~ [18] ~[27] ~

[31] ~ [32]
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