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COVER SCREW ()
.12 dia. x03

END PLATE
1. slee!, painted
45x225x1.3

BUSH (2)
g brass,impregnated
| powder metal

05 dla. x 0.6

PLASTIC BUSH
0.7 din, x 0.4

MOTOR SCREW (2)

0.2dia, x 0,
MOTOR diex06

COVER 16 gage .
Lc. steel, painted >
soldered seams
45x275x24

SET SCREW
0.06 dla. x0.12

BASE
atumioum, machined
4x22x1

0.187din.x1  STAND-OFF (2)
Lc. steel, machined
0.5 dia.x2

END PLATE scnew @ _/«‘O
0.2 dia.

Bl 1 s Bz WRF B (Boothroyd % ,1994, p.6)
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A B C D E F G H 1 J K L M N (6]
Part/Operation hand. | size | thick. | insert. | end to | insert. | insert. | insert. | fastn. | fastn. | time/ | no. of | repet. | Insert | eliminate
Descrption cond. align. | end | direc. | cond. | clear. proc. | oper. | reps. | time | Part? part?
align. (Top)] Nrep | K*L | 0=no 1 =ves
1.Base 0.25 1 0.6 |2.25 4.1 1 4.1 1 0
2.Bushing 0.4 025] 0.5 | 0.6 0.25 1 3 2 6 1 1
3.Motor sub. 1 1 0.6 0.25 2.85 1 285 1 0
4.Motor screw 1 0.4 0.25 1 0.6 0.9 4 8.15] 2 16.3 1 1
5.Sensor sub. 1 0.6 0.25 1 0.6 0.9 1 5.35 1 5.35 1 0
6.Set screw 1 06 102 1025[05] 14 1.6 4 9.55 1 9.55 1 0
7.Stand-off 0.4 0.25 1 0.6 0.25 4 6.5 2 13 1 0
8.End plate 1 1 0.6 0.25 2.85 1 285 1 1
9.End plate screw | 1 0.4 0.25 1 0.6 0.9 4 8.15] 2 16.3 1 1
10.Plastic busing 0.1 0.25 1 14 0.25 1 4 1 4 1 1
11.Reorient 2.25 2.25 1 2.25 0 0
12.Cover 1 1 0.6 0.25 2.85 1 285 1 0
13.Cover screw 1 0.6 0.25 1 14 0.9 4 9151 4 136.6 1 1
20 | 122
TOP | TAT
TOP 20 |=ad T
TAT 122 |=%ke ;*f’ﬁfﬁ F’*
NP 19 [=% 2% F R
Tavg 6.1 =H >3 T gtﬂr Z pF [F=TAT/TOP
Pmin 4 =k > % 2 H=NP—Lx Nx O
AR 0.366 |=i %31t =2.35*NP/TAT
PE 0211 |=% #»2% =Pmin/NP
102 mEE T R 7 4
AR i i g B[R
A #FBERR 0.5 P e F. &> > % 06 [+
1.0 AR K 1.4 |3
1.5 2/ B 1.7 |# &/ %/4 )
20 |2 ¥4 2 20 [+
3.6 Zir HiEa1k G #&»fim 1.25 |36 » & iE % 11
60 |[FREH BED 1.35 |86 o ot 35 R 4]
B. <] 0.6 <2 mm 1.50 | * ‘E"i
L 04 [2~6mm 225 [#* %0k
¥ 0.1 6-12 mm 6.00 |58+ 3 it
B 0.0 >12 mm H. #& » 44 0.25 [=
# [C. & & 0.5 [<0.5mm 0.90 ||
12 0.2 [0.5~2 mm I 1.60 [2£% /|
0.0 [>2mm # L * ®\ziE | 00 |H*F
D. 3 » it =[1.5 |1 (* AP &) N 1.0 |8~ & &
% 1.0 |1 (ixP &) # 25 |HE%
0.25 [20r T % 13 4.0 |13 5%
E 5o $ted |15 |1(3 2 am i) 50 |19,/ 90 4"
1.0 1 (%P &) 6.0 |44
025 [2or { % J Ak s 0 |[#&»
I & RE
3 R E
4 |
5 |PEReF et
7 |#c%
9 |H'%
10 [EAg
11 [3F% &
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T BT SR T A SRt e &

GHCR AT AT R AR R
A

AT H AL fe—cycle Service Mode
Rt o B 445 Fede (B
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Fh2 e3P aig i (LCSC) -
® @i Hihi=F (Service Mode Cost, SMC)

SMC =[(t, XC,,) +C,1% fr (3)
o AR
Cp + a1 F
Cr @ B2 A
fo B RCRLAE
® 4 AH:FH a2 & (Life Cycle Service Cost)
LCSC = HfR Z SMC,H )
a0 & 0
E - B Head by g ( Life-cycle

P
frequency ) = & Ap B i3 HOAL R

[ g e b

*fr

7
FMEA

P PRLESFER
F A A l

B RS R TR R
(2 e FT=f chsife)

PR RBERE A
(aw b %t EIES D)

A
JHCR A i)

A S

FMEA: s B4 i &7 22 fis & 47
B2 ARG A 7 AR R
%3 5L 3|z fs’fﬁiéa\*‘r%« J

¥ d
'3]‘b.ﬁj\m]’§§£é/,>‘ﬂfi’§ﬁu ]tgi—‘;{

108

?ﬁ4wm;ﬁ%ﬁ%6éyﬁw@“ﬁ%%**°@ﬂ
RV EA R R YR AU »fﬂ“

Jofé * FfR S Meng o E M RAg S 1‘%@5’%
l’i‘%\;j\?ﬁé‘ﬁﬁg“t; ?;);\:"3,., xi‘ﬂ' ﬁ‘]m’»ﬁmg
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Beb g (Cover) (BB LAPY 5 eha T4 §F

s

’“’*"ﬁ_\gl ’“h’n%’* ,E_J‘ 5 ,?;i%l},‘l:“i—% ;\}'l-zjﬁgf‘;a‘ﬁ—é‘p
PR o b #ﬁ WA ETE MR s A o
23 MMmRS B2 MR LA A
3, Replace Sensor
2. Replace Bush Service Mode
1. Replace Motor | Analysis
Frequenc 03 I 04 | 015
Labor | Labor | Part Lift-Cycle | Lifi-Cycle
Labor Step Costs
Labor steps Time(sec)| Rate(/hr) | Cost Freauency | Cost
[Remove Cover Serew | 366 | $120 122 | 122 | 122 085 1037
[Remove Cover 285 $120 0095 | 0095 | 0095 | 085 0081
[Remove End Plate
163 $120 05432 [ 0.5432 | 0.5432 [ 085 0462
Screw
[Remove End Plate 285 $120 0005 | 0095 | 0095 | 0385 0081
[Remove Motor Serew | 163 $120 05432 03 0.163
[Replace Motor 6 $120 |S1500/1500.19 03 450,057
Replace Bush 12 $120 | $200 2004 04 80,16
[Replace Sensor 10.7 $120 | §150 15036 | 015 22553
Insert Cover Screw 366 | $120 122 | 122 | 122 085 1037
Insert Cover 5 $120 0005 | 0005 | 0095 | 085 0081
Insert End Plate Serew | 163 $120 05432 [ 05432 | 05432 | 085 0461
Insert End Plate 285 $120 0095 | 0095 | 0095 | 085 0081
Insert Motor Screw 163 $120 05432 03 0163
Total Step Cost 1505.18| 20431 | 15426
ervice Mode Cost 45155] 81 314
[Total Lift-cyele Cost 556417
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S HRHEP oL MR B AT TS NS wTdf A
dplc (% 4) > TE£45#* (Reuse) | £z 3
v f»I% f—"'—'fﬁ’ '—‘Hﬁ‘“'# 4 (Recycle) J B2 0
I A RE 0 TAR ) RS R A
?k**’mfﬁﬂké_%ﬂ\ﬁﬁﬁééi%
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3\

2 Pl adf A Bt e
4 wddp 4 ik
TAgi 0.25
HikE 2 0.5
&4 R 0.75
IEYY 1.0

« A& &2 2 2% (Reproduction Efficiency, RE)

g BB R X 0.25
e EY I T

Ao Ak ER RFIELEE W

x100%

EiEwr F

)

org & hS AR TR #mrﬁré}kﬁx v
RE G2 A% ¢ chip 508 & 3o & 40 2§ > &g
bﬁ%lriﬂ"ii'f“ﬁq»* & 3’* AAFaT e

Flt 3 AR F R &E’W?? P Bpoow TR
% PR e N gl £ #F%?ﬂ&m Lo e
2~ BB A f222d (Dismantle Efficiency, DE)

R 2r 2k T B
DE:& FEKz rﬁ&ik%tX2.35xloo% (6)
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AT B R ERERF R S 235
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S DSULSRE B S b R R
A AR F i ALer 2 B 2 2 (Motor v Sensor)
BAMBRFEREE ¥ U ZHREDFE
e AL AR S ik Rt

)

Y

4

W3R E (L o ¥ ¢ Plastic Bush e * @ 4 % » »
L R #Flﬁi:
3 S RM G B2 wILIER £
TRERRAI|FE ()| HF | AL | wiedf A ik
1 Cover 27.45 | Mpdn | MR 2 0.5
2 | Plastic Bush 2.75 SBR |7 & A&# 1
3 End plane 12.15 | Spdm | 40 E 2 0.5
4 Stand-off 21.8 R A | R A 0.5
5 Sensor 3.1 MEy| &3 ARR 0.75
6 Motor 125 e+ |84 BF 0.75
7 Bush 4.5 4 [ HE 2 0.5
8 Base 2.85 fE | MR A 0.5
E e 8 87.1 6 5
RE =923 41009 = 20%
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(Object )~4& % ( Link )f=F# & ( Assembly hierarchy )
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T g (Sub-Set) i 4 » P FIL A& T r1E P E S h

/

+ #raerE (Interference Matrix ) B4 it B i fF i ardy B o A HAeT
SRR FEBTE qn ABFMELBRE L ) MBI R R FRRALE S ¥
FHEE R eJ R R EZFEHAH D R Tt R LT “,ﬁi J a‘ﬁ'%‘. g B B 5
IM(1,j)=1 > & 2 Bl IM(i,j)=0 = o p* #72& = i > fi fe"E B ApF o

iJ-»')FfrF-“io‘l"::‘ L b SEb ¥
L3 vl AR B B ] » end plate 0% » # 2. 4 LM 2| TS A R R AT

J‘
5

237 bush - stand-off 2 motor SEERD PR “f s PR 4 ; Jow AR . 4 L H
NP SEET Ho " 4% a“rfi@fi a‘ﬁ'f_'_,éé.sg’ i
mHAPRMZE PR 1 BRGS0y BV ELAE-FH% T RS I LE D
Rl #-4'4‘5‘\}'} SR Bt HaEr oyt (8) #f P EE
— SHI °
7r\ o
Yok s e ks B e e B S s HolE BB
base sensor bush stand motor end plastic cover 3. PrABREREE eRY w2 g R ﬂ'\];'ﬁ"
-off plate bush B A _rﬁ%ﬁa g R o
base (O -8000 -1 -8 8001 O 0  -8000 '
sensor [ 8001 0 0 0 0 0 0 0 RO TR 5 PRSI E PR S [
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COMPUTER AIDED CONCURRENT
ANALYSIS OF ASSEMBLABILITY
SERVICEABILITY AND RECYCLABILITY

Wei-Jyh Liao
Jyh-Cheng Yu
Chun-Chang Du

Department of Mechanical Engineering
National Taiwan University of Science and Technology
Taipei, Taiwan 106, R.O.C.

ABSTRACT

This paper applies the proposed layout design
representation to the concurrent analysis of assemblability ,
serviceability, and recyclability. Our design representation

uses the Link Matrix to illustrate the assembly relationship
among parts, and the Interference Matrix to denote the
geometrical interaction in the disassembly procedure.
“Design for Assembly”, “Design for Serviceability”, and
“Design for Recyclability” are all interacted with the types of
assembly and the layout design, and should be considered in
the simultaneous manner at the stage of conceptual design.
This paper addresses the importance and the analytical tools of
DFA, DFS, and DFRE. The proposed scheme is applied to
develop a computerized analytical system (DASeR). With the
aid of the interactive interface, the object-oriented knowledge
base, and the inference engine, DASeR can greatly facilitate
the analysis of Assembly Efficiency, Life-Cycle Service Cost,
and Recycling Efficiency.

Keywords: Layout Design, Concurrent Engineering,
Assembly, Disassembly, Service Mode Analysis,
Recycle, Computer Aided Design
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4 0|

B 5 DASeR év’ﬂﬁg?lﬂ:/w\ﬁl%—]%«

113



