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Implementation of Assembly Line and Line Balancing to Improve Assembly
Productivity- A Case Study

Hak Soo Mok*, Jong Rae Cho* and Seung Tae Pyo*

ABSTRACT

The paper presents an implementation procedure of assembly line for ABS motor, which is composed of four
subassemblies- yoke, grommet, housing and armature. The characteristics of ABS motor and its assembly processes are
analyzed, and the automation possibility of each process is examined in order to decrease assembly time. The assembly
machines and facilities are then selected for automatic assembly, and the layout of the selected facilities is determined.
Finally, task allocation of each worker is achieved by assembly line balancing to increase assembly productivity and
efficiency. The line efficiency is also analyzed using simulation.
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Task allocation (2t¢] &%), Simulation(A] & & o] 4)

1. ME
Z2HIARE AEdee AL AL Foln
 ZYol % 2gE HAHAAAN EFEo] W
€ AFS UF YT F UdE ool Yotk 3

A, 2HEEL B whA g dAlelng d3
AL AANEA g2 AdFol FH50 2FY
oE A ve 2 7ied, FAAH A4E 7
gol e w3 AF we} ZYAAR 0] EEtA)
7] diel 2Estd Awst g ARdveE A

2

& % oge dold! webr, dHE A
s AAEt D A8 7FgF ko] A E o
A& dele FEsA 2HIAHES AE3ER &
I BEAR ZzHIARE £ THLE st RE
< 20003 11Y 18Y Hy

* HAbdistw @i, AAVledTa

129

AEs Al2de dAZ Hasig 2YEe] &
of B3 AFE Y Aoz HHo ARER
£ dAse AN B ZA < 7‘@“4”4
EES FdUssir] f4#  #d ¥ Y(ALB:
Assembly Line Balancing) o F&= o] g2,
T, ZYEolHdE 3  HA(DFADesign for
Assembly)?} ZHAFHE A% Xﬂn ’574]°ﬂ @t
ATt ey REY o, HHY, , A4 %
Ao oigt Ao FF¢d FzH ﬂMVﬂ E%’ﬁ?l
T AHEE A% Z1A F A v X9} ot o)
& ATE o]Fojx gl

2 dAFdAME AEa ABS EHY HF %Y

F4¢ A% 2U% ¢ 2YL TUE 494 3
t 29 Axdoz Tass QaE ANdnz



i - 2FY - B FRAUTHINA A A A3
Tk ABS RES] 547 HEF 2YUTHS BH ¥PoE Uddh o M AY AR BA¥HL €
o 2L ZHEME ZAstn sotd ABS 2H o FH g FAY Z3HES T8I Table 1 3
o] B4 2HEH, FE AUH, AolE B F Zol A 15749 =24 ¥R EREIH.
g zelstel 2 2YFRY AFH ARE 2Y
A "ol olgA AAY AT oy Z2EIAE Table 1 Assembly processes of ABS motor
o 54 stelsted zYYHEL FASA 2, x e -
o - 0. ssembly process ime
A = (<3} R = AALEES. YA [+)
_}ola E}f' el “%5}” dabgs Aadal S 1 Grease application, Air supply, 15
st 7] AR 2 2Rl @ o] o] Foxith O-ring insertion
2 | Magnet holder assembly 12
2.ABS ZE{o| HE ol xz|Z&o 24N 3 | Holder insertion to yoke 8
4 | Bearing insertion to yoke 8
5 | Armature and Bearing insertion 15
2.1ABS ZE{2| B E 3 =g 7o B4 6 | Pig tail control, Air supply 10
ABS EEH¥E 83 ZHT, A YT, = 7 | Silicone application, yoke insertion 14
HE ZYF o}u}.,_q ZETY E 4 M 2HUT 8 | Grommet insertion 28
T SR Ly e — i
THE, BadE FY, el b 2E K8 F 11 | Spring insertion to brush holder 34
5% 97 FEoR FAR Y, 3}—?”761 =y 12 | Magnetization of magnet 15
Fo= &4-A, oy Kk BE ) 9o F 4 7Y 13 | Aging ~ Load test 16
Rgol EAPT. 18l FRWAE ZPTAE B A e L
s FY, Hey Az, Ao 5 F 24 7R 15 | packing b |18
PEol Qov, ofnbiol ZYTo|E ABLE, 517,
sol, O—nng % s BEFog o]FoH th
Fig. 1 & 253 ABS BE 9] 4717 Y7 S HY Fig. 2 &= I3 1< 28~ X, Air 35,
T et O-ring 4§ FA9] AF2AXSG 74 FHe] =9
@M F2 HA FBE HelFT gtk 1
22 EXE 100 719 Oring & Hld B4 Yu
FAlz QB 19xg gojmy F 7} O
ring ol YAl 2EAE BI = FHolth
I Grease application J[ Air supply, O-ring insertioﬂ
Grease injector
Vinyl-bag
Q-ring
(10Cea)
f Important inspection factors
= Number of O-ring = Exterior view of Cominy
= Amount of greasc application = Exterior view of Shaft
ABS DE‘]-/} 1%1 S o}u}?}:o] "1]5—‘1 O-ring = Whether the grease = Whether the grease
s o = A = RPN :7_ = application s done to all application 1s done to O-ring
T, E“ﬂ E]E]t "‘E’ O}T%‘L}- Eiuﬂ‘—‘ Q-ring uniformiy = Location of O-nng
il B4 Z, 22% 57 & 2 Rotor Hlof
g otql AFE ¥ % 33 £, 2zt 2EHA Fig. 2 Sketch and inspection factors of no. 1 work
w3 2 5o FHo| APHOZ 34 A @

130



@=L FEER] A 18E AgE

A F F8 HAA ECRE Oxing o F, F
Ae 2o % BE Oring o AA3A 28
27} E¥ HAEXY e Fo| )

3.ABS ZE2| xgzlel &

3.1 =EEXHe XAs3 off HH
z2YsE AL vsety &34, 2UTH
B So b 2RER A5 g8t 2
;do] 5]1:-13]] O]E z;: zgoi .ﬁ;" zg;}t =
A oW AE3FozH BN Y AQEDS
rmgsti) @ng dart v qiolctBol Fig
3 3 go] 2UHE AEH =YFAHY EHE
By QA Alo]ZERY, Exalulg o Oﬂfz,ka*
nAAY, 2 2P Y3 o, B, F
Ad Jol e RE3 HAYESE e -*?—%—v

A AAQAE 1839 dY 2IdTAHL A
T3 & AYA ol xHer & AUAE
AA3A At

ele, on fuctors of product || Determunation fuctors of process

® Degree of complex of process
® Assembly task characteristics
® Connecting relation between
assembly processes

® Geometric characteristics
® Design for assembly
® Market life

L] Producnon v o]ume
® Tact time

® [nvestment cost

® Utilization of labor

@ Transporting area
® Arrangement area
® Feeding area

=

® Joining area

Fig. 3 Determination of automatic and manual assembly
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Fig. 4 Assembly processes using placing machine and test machine
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Table 3 Comparison of assembly process assignment of each balancing method

Pr\?(:t:::n 5000 units/month 10000 units/monts 15000 units/monts

Heuristic Worker | Assigned process | Sec | Worker | Assigned process | Sec | Worker | Assigned process | Sec
1 9.8,11,13,14,15 119 1 11,13,14,15 81 1 11,12 49
Standard ) 5,1,2,3,4,6,7, 107 2 8,9,7,10,12 77 2 89,10 48
work 10,12 3 1,5,2,3.4,6 68 3 13,14,15 47
assignment 4 56,7 39
method CT=162sec, LE=69.7%, SI=12 CT=81sec, LE=93%, SI=13.6 5 1,234 43
CT=54sec, LE=83.7%, SI=11.5*
| 11.8,2,1,3,9.4, 154 1 11,8,2 74 1 i1,1 49
7.6 2 1,39,54,7,6 80 2 8,2,3 48
It‘]‘;g;‘l’:;f 2 10,12,13,14,15 72 3 10,12,13,14,15 72 3 9.5.4,7 47
method 4 10,12,13 41
CT=162sec, LE=69.7%, SI=82 CT=81sec, LE=93%*, SI=10* 5 6,14,15 41

CT=54sec, LE=83.7%, SI=11.5*
1 11,8,2,1,394, 154 1 11,8,2 74 1 11,1 49
I 7,6 1,3,9,54,7,6 80 2 89,5 53
Kilbridge- 2| 1042130415 | 72 3 11012131415 | 72 323476 52
method 4 10,12,13 41
CT=162sec, LE=69.7%, S1=82 CT=81sec, LE=93%*, SI=10* 5 14,15 31

CT=54sec, LE=83.7%, SI=25.4
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Fig. 8 Implementation of assembly line of ABS motor
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Table 4 Work Allocation of each worker

Production volume: 10,000units/month
wW| S P T D |W|[ S P T| D
1 111 34 {23 6 7 14 1 07
) 2 8 28 108 ]2 7 6 101 0.8
3 2 12 107 Sum 80 | 5.3
Sum 74 | 38 1 10 {10} 37
1 1 15 1.0 2 12 | 151 0.7
2 3 8 0.7 3 3 13 | 16 |1 0.6
2 3 9 10 | 0.7 4 14 | 15112
4 5 15 [ 0.8 5 15 [ 16 [ 0.5
5 4 8 0.6 Sum 72 | 6.7
Production volume: 15,000units/month
w| S P T D |W| S P T D
1 1 15 1.3 1 8 (28108
2 2 12 [ 0.6 3 2 9 10 1.0
1 3 3 8 0.4 3 10 [10] 1.0
4 4 8 1.2 Sum 48 | 3.8
Sum 43 | 35 1 11 [34[12
1 5 15 12| 4 2 12 |15] 1.2
) 2 6 10 | 0.8 Sum 49 | 24
3 7 14 1.0 1 13116120
Sum 39 | 30 5 2 14 | 15 ] 0.7
ol s . 3 15 {16 | 0.8
Unit: time-sec., distance-m Sum 735
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Fig. 9 Simulation modeling of ABS motor line
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Table 5 Result of simulation of ABS motor line

10000 units/month 15000 units/month

Good Bad Good Bad

Volume

(unit) 9901 99 14848 152

Cycle

time(sec.) 47

75

Average server
utilization

0.342 0.483
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