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Methodology for Estimation of Disassembly Time and Evaluation of
Disassemblability Considering Recycling

Hak-Soo Mok’ * Jong-Rae Cho' + Yoong-Ho Jung2 * Young-Hun Kang’

! Department of Industrial Engineering, Pusan National University, Pusan, 609-735
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Since the pressure for recycling has been increasing, the disassembly, which is pre-process of recycling, has
been becoming very important process. The goal of disassembly for recycling is to separate different
materials to the greatest extent with least effort. DFD (Design for Disassembly) is a design philosophy for
improving product designs for simpler or less costly disassembly operations. This paper proposes a new
DFD methodology that can estimate the standard disassembly time and evaluate the disassemblablity of
parts. We select some determining and influencing factors related with disassembly process, and estimate
the assembly time using motion analysis. By the levels of the determining and influencing factors, the
disassemblability is evaluated, and finally, the tables that include the time and score of disassembly are
suggested.

Keywords: DFD, disassembly time, motion analysis, disassemblability
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\ Fixing factors

| Shape, Use of fiture, Precaution,
| Support, Cortact conxition

Table of time and
score for fiing

" Graaping factors
\ Grasping of jointing point, Visibility,
!Inmcs batween parts, Symmetry

Accass factors
No. of change of access direction,
Working area, Size of working point

Disassombly factors
iJoining method, Disassembly method,
. Direction of disassembly force,
| Interference betwean parts
r
i

Handling factors
Weight, Size, Handler, Material,
Thickness

Total disassembly time= Time for p
Total disassemblablity= Score for Fixing ping+A DI

19 3. DFD$] Flowchart.
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{ Criteria infiuencing factors 1 P , 3 2
[ State of contact(0.11) Face contact (1) Line contact (3) Point contact (5)
. 25 Simple/Complex shape(0.30) Simple (1) Complex (9)
| X g |Use of fixture or not(0.35) Not_use (1) Use (1)
| %= IPrecaution(0.20) No (1) Yes (5)
i Support(0.04) Neo (1) Yes (5)
[ > Disassembly method(0.32) Simple(Joining point=1X1)| Simple(Joining point >2X5) Complex (9)
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® -
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) Placement stability(0.05) Good (1) Bad (5)
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- (0.22) m $=100 (1) $2> 100 (7)
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2T (0.09) m W<3 (1) W39
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©.12) m @ <180 (1) =180 (5) _
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RE 2% 248014 A% S,k A9 AN LA E 7)R
$E9) AFZ FHUD. A9 AdRE 2ol 238y
AR A4AQ gol7] B 1 g Iz nEsnz
B9 $o14 A4S A %3 1 @e T2 Bl
weth

233 BYAI R B 8ol Blol & A

B droMe AdAM dgRxRe], $eo 4 23esd
AZE R &l A Hol &S vlE 2R ste AN o
A vie] 29 EolEE BAM 7 BE] d¥8aE =
Aol 2R 12 §-F Rl Fe)&ol o) FAl 2

Simple shape Complex shape
Fixture: Not use Fixture: Use Fixture: Not use Fixture: Use
Precaution: | Precaution: Precaution: Precaution: Precaution: Precaution: Precaution: Precaution:
No 1 Yes No Yes No Yes No Yes
No [ [ No . - . No No . . .
N Hand Hand ;Simple|Special|Simple|Special Hand Hand [SimpleSpecial|Simple|Special
¢ x: Codes§ hand ! hand hand hand
A Time support suppon;su support] fixture | fixture | fixture | fixture sunport support sup support] fixture | fixture | fixture | fixture
p.Score I o 7
Contact : o 42 56 86 98 140 | 230 | 176 | 192 56 72 102 | 118 | 166 | 254 | 192 | 220
Face 015 | 0.18 ' 0.30 | 0.33 | 052 | 056 | 067 | 0.72 | 040 | 043 | 056 | 0.59 | 0.77 | 0.82 | 0.92 | 0.97
ﬁ Contact:) | 56 | 74 : 112 | 116 | 166 | 276 | 214 | 224 | 72 | 94 | 130 | 148 | 198 | 296 | 246 | 268 |
2 § Face 0.20 | 0.23 | 0.36 | 0.39 | 057 | 0.62 | 0.73 | 0.77 | 046 | 049 | 061 ' 064 | 0.83 | 0.87 | 0.98 | 1.02
g g Contact : 72 | 94 150 140 | 192 | 318 Z%T 268 94 | 112 150 | 180 | 240 | 332 | 290 | 360
Point 023 [ 027 038 [ 041 [060] 065 075] 0.80 [ 048 [ 051 | 064 [ 067 | 0.85 [ 090 | 1.01 | 105
Material: Not steel Material: Steel
Fixing: Good Fixing. Bad Fixing: Good I] Fixing: Bad
,,,,,,,,, [ VSR NSOt SN SR NUO it e
No. of No. of 1 No. of No, of No. of cutting:
cutting: One | cutting: >1 | cutting: One | cutting: > 1 One | >1 1
Resist-| Resist- | Resist-| Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- Resist-
ance: | ance: | ance: | ance: | ance: | ance: | ance: | ance: | ance: | ance: :
Small | Big | Small | Bi Small | Bi Smaltl | Bi Small | Bi
Working % | 70 | 176 72 | 9%
© are- 0 f- S I ; | |
-g Good 051 ]| 066 | 131 | 145 | 0.88 | 1.02 | 168 | 182 | 1.80 | 1.94 | 265 | 2.79 l 222 | 2.37 | 3.02 | 3.16
g Working 64 112 | 268 | 410 90 140 | 320 | 370 | 130 | 148 | 328 ;| 440 ‘ 154 \ 168 | 426 | 480
EH area |1}— ] .
©° N Good 0.73T0_88 ‘ 153 | 167 | 1.10 | 1.24 | 1.90 | 2.04 | 2.02 1 2.16 | 2.88 3.02J‘ 2.45 [ 259 | 324 | 3.39
Placement stability: good and Nesting/Tangling: No Placement stability: good or Nesting/Tangling: No
S<=20 208 =5 1820 20 <8 <50 08 <1
S: Size (cm) - - <T< < T
T Thick em) 0<T<5 | 5=T<10 | 0<T<5 |5=T<10 |0<T=5[5=T<10/0<T<5 |5<T<10| Additional
W: Weight (ka) W [03<] W [03<| W [03<[ W [03 [W 03 W03 W03 | W03
- s < W < W < W < |<WI| = = <KW < < | <W |  difficulties
wa-symmety () | g3 | <21 03] =21 03] <2]03|<2{03/<0]03]<p 03 Y
B: p-symmetry (%) T ” 7 o
+8 <360 0 35 46 42—[ 54 42 55 50 64 54 | 64 | 60 | 76 | 64 | 78 | 72 | 84 100
a
0.09! 0.15 | 0.12 0.184 0.14 | 0.20 | 017 | 0.24 |10.19)0.2670.23{0.2910.25/0.31/0.28] 0.35 0.62
= 44 58—{ 52 66i‘ 52 | 68 | 62 | 78 |66 78 | 74 | 88 78| 97 | 90 | 100 124
300< g+ 8 <540 1 i T
0.11 1 0.18 i 0.15| 021017 ; 0.23 | 0.20 | 0.27 |0.22{0.28,0.26|0.32 | 0.281 0.34{0.31 | 0.37 0.66
4 50 | 66 | 60 ] 72 | 59 | 78 | 72 | 86 | 76 | 88 | 84 | 98 | 88 | 110 | 104 | 112 138
£ 50 a+f8<720| 2 i
E 014 | 0.21 [ 0.18 1 0.251 0.20 | 0.27 | 0.24 { 0.30 [0.26/0.32/0.29/0.36 | 0.31{0.38|0.34 | 0.42 0.69
3 }—54 70 66 80 64 84 80 96 82 | 94 | 92 | 106 | 96 ! 120 112 12_ﬂ 150
_ B b e L L L T bl Wit Mianalt B RO
a+8 =720 0.17 | 0.23 i 0211027 | 0221029026032 )0.28 O'SSF'M 0.38]0.3310.40{0.37| 0.43 0.72

a7 BUE AT AT R ol HlojEe o
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A g At &, 4 FFol gt 4P a il J¥aLo F
Ho] A=W AlZtg £o]4 A7} 2o] AFEHT| i
H7A F7AE 28-S A8 5 URE IHT AT 2
204 HolB& 14, 5o}, 2, FFS ZE T ¥
Fo2 AHgs 3 Zh By o] welA glo]Eo) A4 o] &
o] AAHE A Blo)ES FolA AAMHA A Z
£0l4& 7 Aok Feid et HolEo] 257 &4
ok 3= olf€ et 9gE VA e B/ L7E
2]7] & o]t

<y 7>9 o9 HAE B3t A& FAIRE A
HagolAd HrHE A% HolEe B 714 d& BoFa
o} A AR Hol 8L A8 A A AT fo)4 HolE
ot} 1 JFE VX e 84T <HF 1> A E uie}
Zo] S E VAREY Y, AT AR, 44F &
Ao g 3t o] B IPTE M3 ¥ Afde &
o2 A i, AYTE AR ASole 13 7Y FF,
Ude] HEAE Solot. 1 slojEalA A FAE F
BE <ad 5>9 ALt oo A 78 otk F HA H o]
o kA E28Y FolA A Cutting)®] A|TH R £-0}4 H)
ojBolth YA TE HOHE U] A4 AT A 2
A As Ad 35, AdeEy gEbd A, Y999 ol
HFL <F 1>04 9} 2o] Al 7 Ho|Eo] FoFT}. ¥
£02 HF 71 FFY A0, F5Y ANENEEA
5 W E F o2 HF e AH, 271 FA il F
£0 2 FAFshe A7t 2Rtk PN g o2
HAF 7P F-59 408 d 2 BT Qi

3. AHaT

31 A djde] 44

B ARgMe Al 972 YA 2HFQ Compressor= Y
¢ AP WA YT BYHES ¢ dAn
Compressor 2 70] o2} 7}A] 2P OE B FFo| &
A 3te] DFD71&& 2-4317] Af[7) dEolt <aH 8>
Compressor 2P F8 2 E3 £F ARLE RAFT
At} Compressor ZHTY] F-EE FollA 11719 8 FFof
i3t} A& FHIHA

32 Y7t JE

A7t Bl 8ol Aita oo HE 9fA £
AR M e Hrl FEE AA§tE <E 2> Compressor £
291 DFD W7HE 918 A=l

19 BE WS, 288 H 59 8 Vb3, 389 gt
Bie ASsA utE o} 3l &Y +F Vel &

No. Part name Material Weight (g)
1 Cylinder block GC-200 1871.0
2 Crank shaft GC-200 237.0
3 Stator ST-STEEL 4236.3
4 Rotor assy ST-STEEL 1524.8
5  Shel SHP-1 3038.0
6 Ear mounting SHP-1 328.0
7 Protector SHRP-1 58.0
8 Pipe assy C1220T-H 46.9
9 Stopper stator SHP-1 101.0

10 Bolt (Stator} SCM 8.0
11 Coversilencer  HOT ROLL COIL 41.3

(b
19 8. Compressor TH T FLEFH HEAGR.

A 289 FF FUHEY Alztol o AP EE BEAIZHE 7
o+ o] & FIth 1), 39 FPukE o] Ao Y
AR 849 ARAuESE JEEE s3EHe AP 840
gk 7 kg F3 G 8 B, R E 7Y B HEY 414
Molmg 1A, o}, A, #el, 39 L& FHaid 471
FaiAA B Alzte] A 18y F 19] BPole £
22tqdo] 3 HHEEE g AY L Feloyt 30] Fajzith 4
e BelollA 19 AJZE Y £olA HolEAY I=E Y
ebdch 58 682 Hlol B4 A B BolA AFE
Uebdth A12He] A4 HolBoMe FREYE 53 B9
(IMUY} FolZed JEGME o] g Z2UHEZ &4
(ITMU=0.0362)3} 7]} 8t Tk 780l A 9874 A= T}t
gt AR 10894 287 2o g BRI FE2
ulo g 7|9 deth 1388 7 Rl o HlojE& Forly)
et B2y S Jepld. deEeSde Qojull, £
ol &¥ T o] XF< Fe) Wl glo] T3] XF & Fe
she dhyolth 148014 1688 AP 24 BEol g PR}
71U HT 2082 o] B o2 3k 7 BE F FE)A
He, 2 n 2198 & 2EgolAdE Yehd

ol Hrt AEANM A& F U AR 4 REY 14, 3
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Evaluation chart for DFD

Product: Compressor of refrigeracor

Pat | Quan- No. (_)f Fixing(per part) Grasping(per part) | Access(per part) | p. | Disassembly(per part) | Handling(per parr) Total
no. i ity l’;l::- Code ;I:cn;: Score| Code ’(1:::; Score | Code ;I;;nj Score ::}t,ﬂo}é Code ’(Is‘:cn: Score| Code :
123 lal s |el7] 8 olw|n L lul s (]|
1 1 3 |82 234 |048| 20 | 137 034} 1.0 137 1056] Ub | 5:1 [4.97(*3)| 243 | 3:3D
2 1 1 |80 072 [040] 0:0] 072 [0.12] 0:0 072 {013 S&d 0:0 ! 086 |051] 22(D 151 :
3 i 1 |803)] 072 [040}10:2] 352 |093] 5:1 317 |066] Cu J11:0) 1181 |279|1t:00D| 475 |0.26 A
4 1 I {803)| 072 |040] 0:0 | 072 [0.12] 1:0 137 | 156 Sd 0:1 144 |[116]01dm | 245 [0.15
5 1 1 L1 133 1036 220 | 137 [0.34] 3:1 166 061 Cu 120 6324 {222 ;) | 245 | 023}
1 |8:203) 0:0 | 072 [0.12] 2.0 1.08 1 0.18] Pu 1:0 144 | 112 230 | 243 [0.21
6 1 2.84 1048
4 18:23) 6:1 1.58 (0.40]| 2.0 1.08 |0.18] Ub 4:0 13.46(*4)| 1.80 | 0:3() 194 1017
7 4 1 }8:03)]0.72(%4)| 040 | 6:2 |1.87(*4)| 0.55| 6:1 |2.02(*4)| 0.40 | De 0:0 | 1.80(%4)| 0.51 ] 8: 1) |2.74(*4)| 0.26
8 1 oj2:1)] 133 | 036142 274 |0.69] 9:1 166 (0611 Ca {11:0{ 1181 | 279 6:0(D 1.80 | 0.17
9 1 1 |803)] 072 |040{ 00| 072 |0.12} 2:0 108 018 Pu 0:0 | 086 |051] 02D 180 o4}
10 2 1 |8:23)|2.84(*2)| 048] 0:0 |0.72(*2)| 0.12] 0:0 [0.72(*2)| 0.13| Ub 4:0 13.46(*2)] 1.80 | 0:1(D |1.52¢*»{ 0.11 |
i 1 1 |803)| 072 [040] 6:0 | 1.08 [0.24]| 60 173 [036] Ub |16:0, 461 |2.04| 0:3(D 194 (017§
Sum 20.0 |4.56 234 14.09 244 | 456 789 [19.68 38.0 |2.26 | 1
Legend Ub : Unbolting, Sd: Simple disassembly, Cu: Cutting, Pu: Pulling, De: Destroying

2:1(A,=112, B;=0.36)

Level 0
8:2(A,=94, B,=0.48) é} Level 1
(37, 0.36) p,=3
8:0 (65, 0.48) 8:2
(As=56, B4=0.40) (A=94, B,=0.48) Level2
Py=2
Sl oms
(20, 0.40) (79, 0.48) P3=6, Py=2

29 9. Compressor ZHT] 2 F-5E 1A E G0l A A

g o2 ¥ A7t & BEL g9lslo 1 9] He 4%
Q2F Foby 1 FFE AU AN Wz YA
A7} 7V

<a¥ 9>w <% 6> AAIE Compressor 279 2t
&9 a3 1Y gol A FFE ke Fyolt

g4 3714 Eel5 Z1ARE 1, 2,35 BE 10] ZYHo B
29t 7|3 5F 1B)o] A H 7|HRE 2Bt BE 5, 89]
0] F /W7t BelHa 2 TP 128 302 1ol
25 37TMUO ). TH) Z|AR-E 271 1 Eo] 71 ARE 35 B
F 10] RelEBg 1 93AZhe 373} 947} Ble) A 8] A
22 rolAA 6571 Bk ol2jd 302 BE HE] T4
o] At 18y 1 80|4 Aee A del g4
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33 Aok ¥4

Hobd BAL dura oz RejAzho] Wo) dam 2§
ol A7t dAY EeloR A4 5L BEd gy
o]F01Zt} <1¥ 10> Compressor ZHTY 7+ BEo| 4
AW Ak 28 o AFmE RaFa ok

¥ 1,3,6,7,8 109 9o JohH oz AA Bt
Bol A3t Yuhxoz AF_ A FEAte] Bo] dPe
A7t AA e Azel Bol ARed vld) BE 79 A9
T LS AT ZE AP RAC A FIF oM A
A FEAIZto] ol Y Aol o] AL Rl FAGA
F7)%(Main funcion)§l #2JA]7t8 B2 7)%(Sub function)Q)
4, o}, HZ, HFAITY vlEQ £ & &Disassembly
efficency)o] HWHH 02 F2d] Hig|A BF 79] A9de &
g Efo] drhe A& o] dict welA, B-F 79 BdE o]
A H27150 AU ATE E0l= B2 A4A7 18
s oo} gtk EE)A7te] Bo] HEle the RE disine
EHANE Y 5 AT FErzto] L A Ao v}
FEA AR oL FEo BEE IFQ 29 FF L LW
oz AMAV HEE ¢ Utk 283, FF 69 AgodE
EE ARl A Agle Fesd, Ubo 2 $YEAw #
2ol F A7F A7l Wil EA|7te] Bol e A
otk o] Agole F YUY FHY 5 & AAy
o] AEHojo} g}

EEjolg ¥ A Afoe £ E&o| 57) wid 23
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+ Fixing time
A Access time
OS—— © Handling time

®  Grasping time
X Disassembly lime !
® Total {ime TS

536 *
@
@232
]
Eog |
= .
2 : 4
20 F ° -
16 F x
12 % o PR o
8
. pe %
L
4 - g ) e ‘e X
N IFToel B Sahil SF O T )
1 2 3 4 5 [} 7 B g 1c 11
Part No.
(a)
® - Fixing difficulty ®  Grasping difficuity
&  Access difficuity X Disassembly ¢iffculty
5.5 -~ @ Handling difficulty & Total ditficulty
@
8ol )
4.5 ¢ .
s+
L
3.5 g N
ir x X x .
o
2.5 F x ™ x
2t E L . X
1.6 F . x P
1 [} i
Iy & ] :
05§ %8 % -y S ;
0 t.i.s.r’.t. .8.6“—«“&.‘:
1 2 3 4 5 6 7 8 g 0 "
Part No.

(b)
19 10. Compressor ZH 7S] £ A1 7F 2 o & H<5.

a4 29 o A5 & BIATY Ae 21Uz &
ARsith dubA 0 2 BejAjzto] Yol el HE9] go]4o]
oA A ole) g A7t AT vl=A] 23R @) ofd
BELE FEAIto] Bol AYdelx 4A 27 ol £
ol A7t e A9E Y1 vt o] A% gloh BE 79
Aol FF 57 4ol ng FEalgte] Bo] A &
2l o] gtjo) 1 JAHE-E 3R] F7] W ol 232 &
2] ojel g A7t Bt Heoltt. o] £F 9 Aol FEA
H& Z017] YA 47l BFol BHE & UeAE HA 4
B3t} o]FA BEATe] BAY olelE At w2 BE
& 1 490 He 4FRAE PP o QLA ¢
2)g A g3t QA 4 9l

o9} Fo] <HF 2>9 Wyt AES} <19 10>9 IHTE

T3kl B2 AHH E4o] Fhedle] BE 4 ga AR A
845 2 oR, ey W3S A Ay WA o

o EH T AR Tl HEL Tk

4. &

2 AT E FAEEH Agel A BAGANN AF £
28014& 877 AF A2 eSS AN R
A a7 HelA FAEY 7S AH o 9%
849 ol whetM HdE A B3¢t £e)gol 4
< AHPE T8 A 800 G840 7hEA g dFa L

Y o & AFE AHst] T3 ol g Rl AT
o 8ol & Abgate AAatana e AFY Reass
vig] AW Fo 2 AWA FAI E HEE Y 5 3
< Aol

5 24E F HFEAE AAS] A8t AAA 43
< A&t QLA e 4EE Aoltt. Bl golA Hrt
A3 AHEet] AEEA HIHE AT HHER ML Aol
o &, AR AT A EEl 8ol WU 7 5 U AR
THY FHHY A 2HE 75 Aotk
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