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This paper deals with a case study about productivity improvement in medium and small-sized manufacturing
factories. It is popular to improve the productivity of lines by shortening the production cycles and assigning
multi jobs to workers. We analyze the production lines and improve the productivity in the case study through

multi-functional workers and shortened production lines.

to improve the productivity of production lines.

Based on the case study, we propose some guidelines
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AzsaRA 4848 29 49 L FPHE AT A3
A1, Gerald er al2004)E 2 FH A5 T3 AFAHI 4 AR SR R Y ER
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A7 & A A7 A mES et A5 B AN 58 A A" A 5o fAH
o) AFEL A A7) AR AFE @ 2P e AT THAF AT Wl 744 B, 95 4 5 A
o HA A Y B FHHAAY By uiE FYor Tool TR U ALY FA2 FE AA At H8
W ol F8 Ao MAST ANANS AN wape @ ARCINH AT T2 UAe §F =Y A4l de
W) 7R WEER thee A% AR Pt any G EAATHE ST AL G T 28U A T W
Aol £2 7oA AREHE A F717k v Hgggge) O AR B TIdE] of el & AFeldle 29 &
WA Be 23 gold gl how o Qudos 24 U ANE A WA A4 T BAZ AR FAE A
719 Auolol 29 Zrele Ao g oFg 2y A EHT AH AAR 2 Ao 2RHT AL
T ojy & 12l 34 WA Y o4 o= Q8| <Table 1> AT HFo|} th7] S0 B A7FSo] W7t H§1 g
A% Rol £ oS/ e £ REE AN F)Cyele AT SR, o9 HISI e ATEE ol]
Time)S &4 VAT, AR A4H 24 gxox ge 8 AAAA & 71s FHS ANt 4 34 9T
(Belt) AW o]0} 5 o] §3to] ZRahe A9r Uk oleld 2y A FOEH 27 Ble) AolS FoluA A Bile) S
Zolo| A= ko] kAl E T gl 78 G g0l AR 52 /A WIS FHANINVIE ST A EF S AR
ol 2gEA B AEe T2 WA, 299 453 nEas 7o S B 22 M e 2Asglen o8 wEoE
5% 29 gesh 29 27 AL S st gole o) AN S I 7 ) F Agre] st A S
A A )] o & WAl meEtA Bk ojo] & A ARl A HW A} Agbe] Sod ¢ glen, o=
AME A F717} BA BAH B Aol A AUAd B Fde 5 FEL A M) TH F
o2 olg) =9 ghele] dolyt dojA = Far|de] 29 g AN FH B AN E5e Tl HHE A £
e o E AYAANA T 75 AY Fd T 0 3 Y POEA TAH 28 AT BFT oIt 7 3) @ ARl
& 53 2 Y FE Bolu 2 B9 Bojg F A F A= BEIAW 2H &F, A4 A, FH 2F o=
Table 1. Characteristics of the conveyor assembly lines for large and medium, small-sized manufacturing factories
Items Large factories Medium and small-sized factories
Size of conveyor Large Middle, Small
Type of conveyor Slat, Pallet Belt, Roller
Location of workers Changeable, Fixed Fixed
Size of product Big Middle, Small
Major products Automobile, Electric appliances Small product, Parts
Type of assembly line Machine+workers Workers
Difficulty of assembly High Low
Cycle time Long Short
Line installation cost High Low
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dA A E 24 A RS S48 AFY 997 2% H ¥ 2Y Y FF< 7P L5 F2H(Gripping), @ 2 ¥ Y
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Figure 2. Layout of the conveyor assembly line
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Working time of bottleneck process

Unloading time of assembled product

¢ Balancing 1@
(Working time) ®
6
O @

(NVT : NonValuable Time)

Assembly and inspection time
(VT : Valuable Time)

&f— Gripping time of component(NVT)

n
(The number of process)

Figure 3. Analysis result of the line balance based on the micro motion

Table 2. Times of the micro motions in the assembly production line

(time unit : sec.)

. Labor L2 3 e s e L1 s | 9 | 10

Action
Bringing a product 2.1 2.4 2.0 2.6 22 2.3 2.6 2.5 2.8 2.5
Part No. 1 2 3 4 5 6 7 8 9 10

Bringing a part
gme @ p Working time 1.8 22 1.7

2.4 2.0 1.9 2.4 23 2.7 22

Assembly and inspection 5.1 5.8 5.3 5.7 5.3 5.9 49 5.3 6.1 5.2
Unloading an assembly on conveyor 1.7 1.9 1.4 1.9 1.7 1.7 2.1 2.1 2.4 1.9
Total 10.7 | 123 | 104 | 12.6 | 11.2 | 11.8 | 12.0 | 122 | 14.0 | 11.8
Action Labor ol o2 | 13| | as |6 | 17 |18 | 19 | 20 | Total
Bringing a product 2.9 2.5 23 2.2 2.6 2.8 23 2.6 2.4 23 48.9
Part No. 11 12 13 14 15 16 17 18 19 20 -

Bringing a part

Working time 2.7 22 2.0

2.0 2.4 2.6 2.0 2.2 2.1 2.1 43.9

Assembly and inspection 5.4 5.1 5.6 5.3 5.3 5.2 5.1 5.1 5.5 49 107.1
Unloading an assembly on conveyor 2.1 2.1 1.9 1.7 2.0 2.1 1.7 2.0 1.8 1.9 38.1
Total 13.1 | 119 | 11.8 | 11.2 | 123 | 12.7 | 11.1 | 119 | 11.8 | 11.2 238.0
ol 20m, AlF 1EHT 23 M &L 12029 o]dth =9 ¥l A FRE AAT W n| Rt 7HA F3 AN A Ed s
&2 B goll= A Ao 79 g3 & AT 50% ol AN ST, AlFe] Huf 714 <dsket i AUt A
FE G AT A g, AdAe] A s, A & S5Se sEoE 242 stal A7 B Al A
= ool WdE AT ?:?—_F% At AEAAT A7IA A FE FIANA AF DT 29 W8-S 30% Hdste A
O ARG 7 Al Alolo] 29 AiS el A o SRS AA A
g F 8-S /M de neste & A S0k Ml
2, 37] YL 4F £RF To| B9 Azt EOML H &
o7 Skt o] & AR W& BTh &9 AR ¢ ANFe) 2§ 2ol o g e fla) AR E &L A
& AYA G AFAA Eol7te FHIES B AT & I A/F 3L nEste] 84 A9 AR & F8ES A
of7he Ml g o2 ket vl g o2 ST ozt HAE,  Asks 7IWE ol &t i e AN =T 24
Hg, o 5], wEn], Aul, 52 340 5 AGAA 201 AN AH S FEeto] AE TAHY A AM, &G &
7he RE Hlgol o A oR YoM e At g AAsgen, Wi 3 dsiE HF NS 2AsH
AR ALkl AREE 9 NG V1A BHEd e <Figure £>(L)2 ol AN E AATE T Bl #HO
< 2hEske]l At 7 B4, 49 EF SOl EESL AT AN & o7IA IR} 7RA] S A 1A EA S £017] 96
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Figure 4. Comparison of line balancing of the current assembly line with the improved assembly line
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Figure 6. Training board(L) of multiple processes and conveyor work(R) in the improved assembly line at the 1st step
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Table 3. Times of the micro motions in the improved assembly line at the 1st step
(time unit : sec.)
Lab
, A 2 | 3 | 4 | s 6 | 7 | 8 | 9 | 10 |Total
Action
Bringing a product 23 2.5 2.4 2.6 2.6 2.5 2.3 2.4 2.4 23 243
o Part No. 1+2 3+4 5+6 7+8 9+10 | 11+12 | 12+13 | 15+16 | 17+18 | 19+20
Bringing a part - -
Working time 3.5 3.8 33 5.8 7.1 7.7 42 6.2 5.0 4.7 51.3
Assembly and inspection 13.1 133 13.5 11.8 | 13.1 114 | 128 | 12.1 12.1 11.8 | 125.0
Unloading an assembly on conveyor | 1.9 1.8 2.1 2.0 22 2.0 1.7 2.0 1.8 1.9 19.4
Total 20.8 | 214 | 213 | 222 | 250 | 23.6 | 21.0 | 227 | 21.3 | 20.7 | 220
AEE Goletn Bel PHS AN FOE R Aol ASh UA 2919 Z7]0) BA tiAE Aetn A
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Table 4. Times of the micro motions in the improved assembly line at the 2nd step

(time unit : sec.)

i:zzg 1 2 3 4 5 Total
Bringing a product 2.1 2.0 2.2 2.1 2.1 10.5
o Part No. 1+2+3+4 5+6+7+8 9+10+11+12 | 13+14+15+16 | 17+18+19+20 -
Bringing a part - -
Working time 6.8 10.3 12.7 9.6 8.4 47.8
Assembly and inspection 222 20.5 20.3 21.1 20.9 105.0
Unloading an assembly on conveyor 1.7 1.9 1.8 1.7 1.7 8.8
Total 32.8 34.7 37.0 34.5 33.1 172.1
Table 5. Overall comparison of the current assembly line with the improved assembly line at each step
Previous line Improved line at Improved line at Remarks
the Ist Step the 2nd Step
Workers per line 20 10 5
Type of production line 20m conveyor 10m conveyor U-line
The number of production lines 4 8 16
Line balance efficiency 85 88 93
Ratio of non-value-added time 55 43 39
Cycle time 14 25 37
Production unit per hour(UPH) 234 135 91 Output per line
Production unit per person hour(UPPH) 11.7 13.5 18.2 56% 1
Assembly cost per unit(won) 1,282 1,111 824 36% |
Setup time(min.) 20 10 5
Improved value(million per year) 630
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Table 6. Characteristics of the assembly lines on the case

study
Product movement between processes Conveyor
Location of workers Fixed
Size of product Middle, Small
Cycle time Short
Production item Many

Production quantity Mass production

Line installation cost Low cost

Difficulty of assembly Low level

Working time of bottleneck process
t

(Working time) J/

>

n
(The number of process)

Figure 8. Example of the balanced line
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