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Industry 4.0°s goal is the ‘Smart Factory’ that integrates and controls production process, procurement, distribution and service
based on the fundamental technology such as internet of the things, cyber physical system, sensor, etc. Basic requirement for
successful promotion of this Industry 4.0 is the large supply of semiconductor. However, company I who produces dicing blades
has difficulty to meet the increasing demand and has hard time to increase revenue because its raw material includes high price
diamond, and requires very complex and sensitive process for production.

Therefore, this study is focused on understanding the problems and presenting optimal plan to increase productivity of dicing
blade manufacturing processes. We carried out a study as follows to accomplish the above purposes. First, previous researches
were investigated. Second, the bottlenecks in manufacturing processes were identified using simulation tool (Arena 14.3). Third,
we calculate investment amount according to added equipments purchase and perform economic analysis according to cost and
sales increase. Finally, we derive optimum plan for productivity improvement and analyze its expected effect.

To summarize these results as follows : First, daily average blade production volume can be increased two times from 60
ea. to 120 ea. by performing mixing job in the day before. Second, work flow can be smoother due to reduced waiting time
if more machines are added to improve setting process. It was found that average waiting time of 23 minutes can be reduced
to around 9 minutes from current process. Third, it was found through simulation that the whole processing line can compose
smoother production line by performing mixing process in advance, and add setting and sintering machines. In the course of
this study, it was found that adding more machines to reduce waiting time is not the best alternative.

Keywords : Dicing Blade, Manufacturing Processes, Process Bottlenecks, Arena Simulation, Optimum Plan
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{Table 5> Waiting Time per Entity
Wait Tir_ne Aver. H_alf Min | Max | Min | Max
per Entity Width | Aver. | Aver. | Value | Value
Process.Lapping 1 0.0 0.0 0.0 0.0 0.0 0.0
Process.Lapping 2 | 0.0 0.0 0.0 0.0 0.0 0.0
Process.Lapping 3 | 0.87 | 0.56 | 040 | 1.38 0.0 9.73
Process.Mixing 0.0 0.0 0.0 0.0 0.0 0.0
Process.Setting 2350 | 1.19 | 20.11 | 24.80 | 0.0 | 52.07
Process.Sintering | 6.98 | 0.71 6.20 | 7.67 0.0 | 19.12
{Table 6> Waiting Time per Process
V\_/ait Aver H_alf Min | Max | Min | Max
Time Width | Aver. | Aver. | Value | Value
Batch.Lap]_2.Queue 3.7 0.4 32 4.0 0.0 9.3
Batch.Lap2_3.Queue 2.7 0.2 25 3.0 0.0 5.9
Batch.Mix_SS.Queve | 6.1 1.8 42 7.6 0.0 12.2
Batch.Set Sin. Queve | 0.7 0.1 0.6 0.8 0.0 6.6
Batch.SS Lap. Queue | 17.4 0.4 169 | 17.7 0.0 0.0
Process.Lappingl.Queue | 0.0 0.0 0.0 0.0 0.0 0.0
Process.Lapping2.Queve | 0.0 0.0 0.0 0.0 0.0 0.0
Process.Lapping3.Queue | 0.8 0.4 0.4 1.0 0.0 9.5
Process.Mixing.Queue | 0.0 0.0 0.0 0.0 0.0 0.0
Process.Setting.Queue | 22.9 1.6 20.6 | 235 0.0 50.9
Process.Sintering.Queve | 6.9 0.5 6.0 7.2 0.0 18.6
<Table 7> Average In-Out Volume per Process(1 day)
Process Input Output
Process.Lapping 1 120 90
Process.Lapping 2 90 60
Process.Lapping 3 60 51
Process.Mixing 240 180
Process.Setting 180 132
Process.Sintering 132 120
{Table 8> Monthly Cumulative Waiting Time
Process | AL | widn | aver | Aver
Process.Lapping 1 0.0 0.0 0.0 0.0
Process.Lapping 2 0.0 0.0 0.0 0.0
Process.Lapping 3 1572 423 5.7 2833
Process.Mixing 0.0 0.0 0.0 0.0
Process.Setting 42989 11691 2825 83093
Process.Sintering 12977 3535 823 25190
of AlZHel F, 150:27ke] #]io] o] FojAaL glof o=
el AP 2ol A AlFE L Ak ol ukel =AY
AYe A AT 7Hgste] AlgdoldS 26
Ak e DARYe A SR A A
Fo] nee] BLF G 4] AA7L Aas
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<Table 9> Mixing Process Improvement Results

Process present improvement
Mixing 0.00 0.00
Setting 23.50 23.62

Sintering 6.98 7.10

rough 17.42 17.38
Lapping | semi 3.71 3.52
finish 271 281

<Table 10> In-Out Volume : Before and After

present improvement
Process
In Out In Out
Mixing 240 180 - -
Setting 180 132 240 240
Sintering 132 120 240 233
rough 120 90 210 180
Lapping | semi 90 60 180 120
finish 60 51 120 120
1 month volume 1,761 2,128
<Table 9>¢} Zo] HATA 7|t A4 38R
Edlo|l= A ti7|AIzko] A A H A e RAIRE <Table
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<Table 11> Wait Time(min.) per Sheet with Setting Machine

Expansion
Process p’\rﬂcl))gggs ! . 2 . 3 .
improvement expansion|expansion|expansion

Setting 23.62 16.40 11.80 9.26
Sintering 7.10 14.01 18.36 20.96
rough 17.38 17.72 17.47 17.52

Lapping | semi 3.52 3.571 3.56 3.76
finish 2.81 2.714 277 2.80

<Table 12> Monthly Cumulative Volume(ea.) and Waiting
Time(min.) with Setting Machine Expansion

oocoss | 1 | 2 | 3

improvement expansionexpansion|expansion
volume(ca.) 2,128 2,134 2,133 2,132
Setting 53,081 36,983 | 26,569 | 20,866
Sintering 15,719 31442 | 41291 | 46,968

<Table 13> Wait Time(min.) per Sheet with Sintering Machine

Expansion
Process h?gg]r%v[gr?wgﬁs expa1nsion expaision
Setting 23.6216 23.4301 23.5358
Sintering 7.0963 1.5259 0.1444
rough 17.3832 15.0341 13.6052
Lapping | semi 3.5223 3.3908 3.4758
finish 2.8051 2.8131 2.7800

<Table 14> Monthly Cumulative Volume(ea.) and Waiting
Time(min.) with Sintering Machine Expansion

Process Nilmgr%vper;ceﬁs expa1nsion expaision
volume(ea.) 2,128 2,131 2,135
Setting 53,081 52,781 53,036

Sintering 15,719 3,273 304

AlEd o] A3 <Table 13>3} 2o] 2Z7|A S A
of wW& Blade &% W7|AIZHS HHAHH 53] 20 A
e St 779 7Nzl 0.1 E AN E A
& Zsgln

2ATIA Y ST ABAQAE dFgE F Aow
vebith B9 AATE 9 AS ok 178eld 3
d7IAZke] 2ZATIAZE st S4)7F AX W oF 13
o FolEx Ao yehyt

$HA <Table 14> 2ZA7A T4 W& ¢ L3t 74
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<Table 15> Wait Time(min.) per Sheet with Lapping Machine <Table 17> Average Waiting Time and Volume per Alternative

Expansion (1 day)
Mixing : 5 3 Processes |Present| Mixing | Setting [Sintering| Lapping | Composite
Process img:g\‘;:;sem expansion|expansion|expansion Setting | 23.50 | 23.62 | 9.26 | 23.54 | 2347 | 1636
e T TR IYT Sintering | 6.98 | 7.80 | 2096 | 0.14 | 7.04 1.72
S,ett“,lg e e 70 | o rough| 17.42 | 1738 | 1751 | 1361 | 1727 | 1122
t . . . .
fienng o T e T i Lapping | semi | 3.71 | 352 | 376 | 348 | 339 | 354
e ' ' : : finish| 271 | 281 | 280 | 278 | 102 | 277
Lapping | semi 3.5223 3.4044 3.3858 3.3858 Average wait
finish | 2.8051 27170 | 27131 1.0267 fime(min) | D32 [ 3313 | 3429 | 4355 | 5219 ) 35.61
Average
<Table 16> Monthly Cumulative Volume(ea.) and Waiting production | 60 | 120 | 120 | 120 | 120 120
) . . . . . volume(ea.)
Time(min.) with Lapping Machine Expansion

Mixing 1 o 3 <Table 18> Cumulative Volume per Alternative(1 year)
Process __brocess expansion|expansion|expansion
improvement _ Expansion number Vol. |cumulative
volume 2,128 2127 [ 2127 | 2,127 Alteratives | o miver | Set | Sinter | Lap| (1 Mon) | {fams
waiting time 1,733 34433 | 118171 0.00 present 0 0 0 |0 17l 20132
Mixing 1 0| 0o | 0] 2128 25,536
4.1.4 AAEA A 1 1 1 0 | 0| 2134 25,608
A A FA w2 A B o)A A}, <Table 15>} Setting | 2 1 20 0 [0 2133 25,596
o] Aarg] oA 9] Bladed W7 A A Hoz & 3 1 310 0] 213 25,584
Aol 7E (ARE 3t 7R AL e 7] AIZRO] 28Ol A 1 | gingring ! ! 0] L JOo ] 2Bl 25,572
o2 Zol= AL sholaglt) 2 1 0 2 0] 2135 25,620
A N N I N N Y
2k Wal7l glo} Al A e 7| A 7H-& . .
j;aﬂ] A;ﬂ] ! frfj s ;‘roqq ul]ﬂijl ]7}]1:%& o 0| 2 | 3] 2137 | 2564
H Fa oo A= 3 1 1 1o | 2143 25,716
745 di7IAIZke] 1,733 whal] 3uje] FAV|AE F |4 1 1 1 3| 2,137 25,644
7} 248 A9 ed AA)olE (RoR FojSo] ¢lzp |Composic T 1] 2 [o] 2140 | 25680
Aabekol AA Fuid o= wadct 6 1 1| 2 |3 2139 25,668
7 1 20 2 |0 2143 25,716
415 B3R Ax 8 1 2 2 |3 2145 25,740
o 7| A= wAAY S s Aol Ak Yk 18 7]E
o= sto] Ztzb A", 2Z, A2} VA FokekeE dig 2, A, F 9AIRE B3 209E VISR gt Atk ol
3, 42 ¥ Hatok 50| tiaf) AlEHo]AS Aty ArbES Fa Ax FH NS A5k AAE AlE
ANEH o)A A7 Yehd ot 19 Ha gi7|xzF 2 2 A Ao E4), 74 ¢ O v d3857]
AAFEE(<Table 17>)3} tiebd =2 AAkek(<Table 18>)S  7,000%F €, A® 7|7 5005 <, 2277 6,000%F <, 3
B AYTA A2AFA, AT AdANRYG 2 FA7A 50009 9, 4 Blade 7142 5 o7 A
3 AGerEe] A Aoz el E3 7 S AlAL 71A19] FUEE QE HAE S e YAt
2 gabAel Batger 39 49 & Ak A wo Az 9 Sk FASE A, F7HE 71AAR ¢ Yedge
45004 AL FAETHE AFE AoE e S5, AZF o) AEL 5%(FFA HiEol AR
4.2 AN 2M 422 RAAEA A3
<Table 19>+= 7%71¢] 47k 714l wreb & W (o<t
42.1 AARETE 9% 7R 0), LGN 1), ARG RA(THA 2~4), A ¥
AF7HA HEH 7AZE gAadokel] et AAA £ A 5~6), BAEAANAHE 7), EFAA (LT
A& AAE] Slete thedt e 7PES ARSI A 8~15) T F 1670 dictel tigk Az avE £4% A3t
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<Table 19> Economic Analysis(unit : 10,000 won)

Measures in\/;\:srt]rL:]?elnt Annual Annua_ll Perfqrmance ank
No. costs sales |Benefit | ratio (%)
present | 0 0 105,660 0 100.0 16
Mixing | 1 1,617 | 126,063% 20403  1193" 3
2 1,733 126,308 | 20,648 119.5 1
Setting | 3 1,848 126,132 | 20,472 119.4 2
4 1,964 125,957 | 20,297 119.2 4
Sintering 5 3,003 124,857 | 19,197 118.2 6
6 4,389 123,711 | 18,051 117.1 9
Lapping | 7 5,082 122,538 | 16,878 116.0 10
8 6,468 121,752 | 16,092 115.2 11
9 7,854 120,366 | 14,706 113.9 15
10 3,119 125,462 | 19,802 118.7 5
1 6,584 121,637 | 15,977 115.1 12
Composite
12 4,505 123,896 | 18,236 117.3 8
13 7,970 120,371 | 14,711 113.9 14
14 4,620 123,960 | 18,300 117.3 7
15 8,085 120,615 | 14,955 114.2 13

Notes : 1) 7,000(a/p, 5, 5%) = 7,000x0.231 = 1,617.
2) 25,536x5-1,617 = 126,063.
3) 126,063-105,660 = 20,403.
4) 105,660/126,063 = 119.3%.
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