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Methodology for Estimation of Assembly Time and Evaluation of
Assseblability

Hak Soo Mok*, Jong Rae Cho*, and Young Hun Kang*

ABSTRACT

DFA (Design for assembly) is a design philosophy for improving product designs for simpler or less costly assembly

operations. This paper proposes a new DFA methodology that can estimate the standard assembly time and evaluate the

assemblablity of parts. We select some determining and influencing factors related with assembly process, and estimate

the assembly time using motion analysis. By the levels of the determining and influencing factors, the assemblability is

evaluated, and finally, the tables that include the time and score of assembly is suggested.
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Handling factors
Placement stability, Nesting,
Size, Thickness, Weight,
Symmetry, Additiona! difficulties

Table of time and
score for handling

Access factors
Visibility, Access direction,
Working area, Symmetry

Table of time and
score for access

| Analysis for

joining method

Insertion factors
Working area. Visibility,
Assembly stability, Assembly
direction, Assembly resistance

Table of time and
score for insertion

Total assembly time= Time for Handling + Access + insertion
Total assemblability= Score for handling + Access + Insertion

Y.
’ Analysis for weak point l

improved?

Fig. 1 Flowchart for DFA
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Table 1 Influencing factors and levels of assembly

- . Level
Criteria Influencing factors 1 2 3 n
Placement stability (0.05) Good (1) Bad (5)
Nesting/Tangling (0.16) No (1) Yes (7)
Size 11l 1<S< 20 (1) 20<S< 50 (3) 0<S< 1, $>50(9)

o (0.22) I S$<£100 (1) $>100 (7)

£& Thickness (0.07) 0<T<5(1) 5<T< 10 (5)

TS Weight L W<0.3(1) 0.3<W< 2 (7)

£ | (009 i W< 3(1) W>3 (9)

Symmet | a+f <360 (1) 360< a+B<540 (3) 540< a+B<720(5) a+B =720 (7)
y(o 12)“’ i a< 180 (1) 180<a< 360 (5)
) 11} a< 180 (1) a =180 (5)
Additional difficulties (0.29) No (1) Yes (7)

@ Visibility (0.30) Good (1) Bad (7)

3 a Assess direction (0.09) Vertical{Gravity) (1) | Horizontal(oblique) (5) Combined (7)

§ s Working area (0.55) Good (1) Bad (7)

Symmetry (0.06) B=0,B=90(1) B =180, B=360 (5)
Working area Good (1) Bad (7)
s _. Visibility Good (1) Bad (7)
'g 2 Assembly stability Good (1) Bad (7)
=
E = Assembly direction Vertical(Gravity) (1) | Horizontal{oblique) (5) Combined (9)
Assembly resistance No(1) Yes(5)
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Fig. 2 Definition of working area
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R(Reach), M(Move), T(Turn), AP(Apply Pressure),
G(Grasp), P(Position), RL(Release Load), D(Disengage),
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Fig. 4 Calculation process of assembly time and
assemblability
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4 (32 Azke b AWH MR Ao ps = AR 4 o4 2 uHAL e
pes] oy i A 2 - A :A
2 Jdganel Siol vobdlel mel golg @5 sdE WFE vehac
33 L) - o) =] 1} = =13 Z] =
ek e Bolsal vk @%‘OI’H'{ rLo}vL Mb} HPL THEAE
ool oz 724 o2 AHP o A&
Placement stability: good and Nesting/Tangling: No Placement stability: good or Nesting/Tangling: No
S <20 20 €8 £ 80 1 <8 <2 20 €8 £50 0 <8 <1
S: Size (cm) 1 "
0<T< 5 I 5<T< 10 0<T <5 5<T <10 0<T <5 l 5<T<10 | 0<T<5 | 5<T< 10 Additional
T: Thickness {cm) - 1
W W w 03< | W 03< | W 03< i W 03<I W |03 )W 031w 03 w)03
T Weight {(kg) i -
. < w < W g w < w S W < W] < W <L <W difficulties
a: u-symmetry ( °) ~ . |
03 | <2 ] 03] £2 <2103 ] =2]03)] 2|03} <203, 2,034 <2
B B-symmetry (%) " ¢ 0 W BIIEE e > -
o ! aﬁ.l SRR SR RN R Y
35 46 42 55 50 84 54 | 64 | 60 | 76 | 64 | 78 | 72 84 100
o + 3 <360 0
- 009|015 (012,018 1014 | 020 | 017 | 024 {0.19]0.26|0.23|0.28]0.25|0.31|0.28 | 0.35 0.62
2 i1 44 58 52 66 52 68 62 78 66 | 78 { 74 | 88 | 78 | 97 | 80 | 100 124
2 360 <o+ 3<540 %
- 0111018 (0151021017 {023 10201027 1022{02910.260.32]0.2810.34}0.31}0.37 0.66
= -
._E 50 66 60 72 59 78 72 86 76 | 88 | 84 | 98 | 88 | 110 | 104 | 112 138
b+ 540 <+ $<720 |-2
5 014 | 021 | 018 | 0.25 [ 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
= = 790 5 54 70 66 80 64 84 80 96 82 | 94 | 92 | 106 | 96 | 120 112 | 122 150
arfp=
' 0.17 | 0.23 | 0.21 027 ! 022029026 03270.28{035/0.31;0.38 ‘ 0.330400.37 043 0.72
Good visibility Bad visibility
Access direction Access direction
Vertical(gravity) Horizontal{obtique) Combined Vertical(gravity) Horizontal(oblique} Combined
direction direction direction direction | direction direction
Working area Working area
Good Bad Good Bad Good Bad Good Bad Good J Bad Good Bad
a 1 2 3oopoa o8 ) o8 e e e Lo
% R=0 o 20 38 30 46 56 78 48 64 56 72 68 90
8 3 =90 0.25 1.08 0.34 117 0.39 1.21 0.70 1.53 0.79 1.62 0.84 1.66
0 -
g i =180 4 30 50 42 58 64 88 56 76 66 84 76 110
2 3 =360 0.31 1.14 0.40 1.23 0.45 1.27 0.76 1.59 0.85 1.68 0.90 1.72
LD Assembly stability: Good Assembly stability: Bad
@. @ Vertical{Gravity) Horizontal Combined Vertical{Gravity) Horizontat Combined
Legend @ direction (oblique) direction direction direction (oblique) direction direction
Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist- | Resist-
O®: Codes of factors ance: | ance: | ance: | ance: | ance: | ance: | ance: | ance: | ance: ance: | ance: | ance:
8 2::"’:1‘3‘/ ;‘_“"‘:e No Yes No Yes No Yes No Yes No Yes No Yes
N 1= a1
Y o | 2 s 44§ T e [ 7 o8 d e | o i1
Working area: Free 9 110 162 130 188 166 248 148 194 162 214 206 298
a || and Visibility: Good 17 g62 | 153 1.00 191 138 | 229 | 093 | 248 1.31 2.21 168 | 280
£ .
g | working area: Little : 160 216 206 242 248 286 200 266 246 290 300 358
£ }| orvisibility: Bad 0.98 2.51 1.98 2.89 2.36 327 1.91 2.82 229 3.19 2.66 357
]
@ Working area: Little 5 194 290 242 314 346 364 258 356 296 378 390 440
and Visibility: Bad 214 3.04 ‘ 2.51 3.42 2.89 ] 3.80 2.44 3.35 282 3.72 3.19 4.10

Fig. 5 Example of tables for DFA
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Hel| 2o g AMEun ZEHd welA € o) No. Part name Material Weight (g)
Ho| zRAxlo] AAdwrHoe]l AALH &g HolE 1 Cylinder block GC-200 1871.0
S ZolA AHA A0l A7 2 golds FatA = 2 Crank shaft GC-200 237.0
T:]r 3 Stator ST-STEEL 4236.3
’ b o 4 Rotor assy ST-STEEL 1524.8
Table L oer ol Eelgel Al F4 5  Shell SHP-1 3038.0
2 TO'IZ]E]'- 3 o2 FHIvhed HE A4S 6 Earmountng  SHP-1 328.0
M), FEe FHFEAGHAAL 5) Wi 7 Eo= 7 Protector SHP-1 58.0
FHAFgohe A$AD, 27 FA ] 5 &0 8  Pipe assy C1220T-H 46.9
‘r{ H_o.]_t 7g ?(111)7]_ J.ZﬂO]C} Flg 5 = X}Eﬂtﬂfé ¢] Stopper stator SHP-1 101.0
An0e de AEEE UAee] A @ 8 10 Bolt(Stator)  SCM 8.0
AR BT, AAPE e A %8 11 Coversilencer HOT ROLL COIL 413
ol HolE& oE HAFT AT} Table 1 o A
B dlel go] AA A HFe dF84he ¥Y (b)
otgAg, 9RA, 27, A, FA, B3, ¥4 Fig. 6 Sketch and partlist of compressor
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o2 AN+ 9 8ol HEvh FolHt HEe Axz olsle] HelE YA B AFoAE
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gaxz A Bevh 2PSAG 2@PEo

N
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& Hedr] AFdr] dEolth. Fig. 6 & Solle AAFY o] 3 W ‘?_%E]Efé A4a 4
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Table 2 Evaluation chart for DFA

Evaluation chart for DFA
Product: Compressor of refrigerator
Handling (per part) Access (per part) Insertion (per part) Total
2 - -~ > = -
s |z 8 8 8 5o g 8
< E 65 [] i”/ [N [)] \(9/ @ q)_g (1] \!{L [ \‘ﬂ [
© © . 8_ =] [ 5 he] [ - = @ et @ 5
Slaleel 81 8 | 8| &8 | E | 8128/ 8 E | 8| & | 8
1 1 3 3:3(1) 2.88 0.36 0:1 1.08 0.31 Bo 1:1 7.78(*3)| 2.51 27.30 | 3.18
2 1 1 3:1(1) 2.38 0.28 0:0 0.72 0.25 Nf 2:0 1.51 0.93 4.61 1.46
3 1 1 11:01) | 4.75 0.35 50 2.81 1.21 Ty 6:1 14.98 3.96 22.54 | 5.52
4 1 1 o1y { 245 0.20 7.0 2.30 1.53 Nf 4:1 3.10 2.18 7.85 3.91
5 1 1 5:1(1) 2.45 0.31 2:0 1.08 0.34 We 8:1 27.27 1.61 30.80 | 2.26
1 2:3() 2.38 0.28 21 1.51 0.40 Nf 2.0 1.51 0.93
6 1 3593 | 415
4 0: 3(I) 1.94 0.23 2:1 1.51 0.40 Bo 3.0 |677(*4)] 1.91
4 1 2(l) |2.74(*4)| 0.35 9:1 2.59(*4); 0.62 We 4:2 8.51(*4)! 3.89 55.36 | 4.86
1 1 6:0(if) 3.82 0.28 3.0 1.66 1.17 Ca 3:1 33.22 6.12 38.70 | 7.57
1 1 (I) 1.80 0.19 2:1 1.51 0.40 Nf 2:1 245 1.99 5.76 2.58
10] 2 |1 ) |1.58¢2)| 0.15 0:0 |072¢2)] 025 | Bo | 30 |677¢2)] 1.91 | 1814 | 2.31
11 1 1 :3() 1.94 0.23 0:0 0.72 0.25 Bo 3.0 6.77 1.91 9.43 2.39
Sum 40.91 3.21 26.7 713 188.81 | 29.85 | 256.42 | 40.19
Legend Bo: Bolting, Nf:No fastener, Ty:Tying, We:Welding, Ca:Casting
Fig. 5 ¢ T™MU oM vtz @48 gholv) 19 A9 3 e BER AAHY] W
(1ITMU=0.036 ). 7 Aol A 9 A7 A<toll gk woll ddiH e AAAre] el ARk A
HE7F £k whio g vdEt 10 dS 23 Al g ol v 2o s A7
H& L}EPLH‘H zt zgyel HolB& 3to}rtv] o] ool = dEA ol AEH
Aghela, 11 dell A 132 AHan Ao g
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FEU AT gO4 Yus Bk i ek Bart No.
54 gog £ Q) HA)|Zbel Eo] e Fig. 7 Assembly time for compressor
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