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Lean Overall Equipment Effectiveness Using Availability
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Abstract

This paper aims to develop a new chain metrics for obtaining lean Overall Equipment Effectiveness(OEE)
and present implementation strategy which considers the properties for Total Productive Maintenance(TPM) to
reduce machine losses, Performance Analysis and Control(PAC) to reduce labor losses, Lean Production
System(LPS) to reduce floor wastes, and Theory of Constraints(TOC) to minimize the problem of Capacity
Constrained Resource(CCR).

The study reviews the related literatures and reformulates the structure of machine losses, labor losses and
field wastes. The research also develops the integrated productivity metrics according to time, units, reliability
and maintainability.

It is found that the study develops the actual productivity measure in terms of efficiency, effectiveness and
standard productivity. In addition to that, it outlines and develops by using the integrated LPS and TPM, lean
OEE measures such as Time Based Productivity(TBP), Unit Based Productivity(UBP), and Reliability &
Maintainability Based Availability(RMBA).

Implication examples are proposed to make it easier and available for practioners to understand the
implementation strategies about TPM OEE, lean OEE and TOC OEE.

Futhermore related to other studies, the research contributes to create a new chain productivity measures to
clear the interrelationship concepts of productivity, efficiency and effectiveness. Moreover the paper develops the
enhanced OEE measures by integration of TPM, PAC, LPS and TOC with the perspective of schedule,
throughput, reliability, maintainability and availability.

Keywords : Lean OEE, TPM, PAC, LPS, TOC, CCR, Losses, Wastes, TBP, UBP, RMBA, Chain
Productivity
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TPM : Total Productive Maintenance

PAC : Performance Analysis and Control
L(T)PS : Lean(Toyata) Production System
TOC : Theory of Constraints

OEE : Overall Equipment Effectiveness

TBP : Time Based Productivity

UBP : Unit Based Productivity

RMBA : Reliahility and Maintainability Based Availability
CCTT : Calendar and Clock Total(Base) Time
VGOT : Valued Good(Effective) Operating Time
TL : Total Loss Time

LVAT : Lean Value Added Time

TW : Total Waste Time

PDLT : Planned(Scheduled) Duty Loading Time
ROUT : Rated(Designed, Gross) Operating(Run) Up Tirre
ANOT : Actual Net Operating Time

URE(L) : Utilization Rate Effectiveness(Loss)
ARE(L) : Availahility Rate Effectiveness(Loss)
PRE(L) : Performance Rate Effectiveness(Loss)
QRE(L) : Quality Rate Effectiveness(Loss)
NOR : Net Operating Rate

NSR : Net Speed Rate

LRE(W) : Lean Rate Effectiveness(Waste)

TU : Total Units

PU : Planned Units

RU : Rated Units

AU : Actual Units

GU : Good Units

LGU : Lean Good Units

(L)TCT : (Lean) Theoretical Cycle Time
(L)ACT : (Lean) Actual Cycle Time

MTBL : Mean Time Between Loss, %
MTBW : Mean Time Between Waste, %

MTTI : Mean Time To Improvement or Innovation, %
MTTK : Mean Time To Kaizen, %

L : # of Total Losses, YL,

W : # of Total Wastes, Y, W,
A 1 Availability

2. &84, a3 23 A AAA
x| 7

71919 BAES st olE AxE UERAY] 9]
3 ¥ Performance), °©]2l(Profit) H&= 4
(Profitahility), A34Hd(Productivity), &3 (Efficiency),
7 (Effectiveness) 59 7HE%Q1 7iE-S A= o
AREE AL Qo) AZe] AA TAl 23F T A=
BEsHA A= JA ok wEbA 2 HelA= 57
28] #A F A, o9, AL BSC(Balanced
Score Card)9] KPI(Key Performance Indicator) ¥72]
¢l 7} A(Causal Relationship) 2 A 2]sta A, &8
A, 2932 e M2 AA A 3E(Chain Metrics)
2 dstarat g

BCe <19 1>3) o] A-E#(Finandial Perspective),
P (Customer Perspective), WA 24|23 (Internal
Process Perspective), 35 2 A% #(Learning and
Growth Perspective)2] 47}A] CSF(Critical Success
Factor)ol] wh& KPIO| Q1zpdAle] o) 7|¢]e] Hefd
A o] B AJeilts $1st ARl ETtelth
<9 Dol UiFZ 2|23 9] KPId 3K Performance)
Q1 AAY S AR e] KPR A1 G gdol
©)(Operating Profit)9] S1z#Alol] &) 24 71e ),
webA] Aiks AP o]9S s Feleo] Ui
o|al A A= oo dTet AlH Aol IAR
=N

gk AAAAHA(Actual Productivity) A AAFER(AO
: Actual Output)t] 2AFU(AI : Actual Input)2] H]
2 ol& T Hx AL (Standard Productivity) <]
w7} Aol 93k <A X (Chain Metrics)® YERY
o2 (1) 2ok

A5A |- | 2 || grze || eew
#+4 — | Y |~ | A= BAH | < | A BH-

CSF

KPI : A3 Performance)

o] <}(Profit) A A A2 (Actual Productivity)

284 (Efficiency) X
& 3 A2 (Standard Productivity)
x &34 (Effectiveness)

<Figure 1> Relation among Performance, Profit,
Productivity, Efficiency and Effectiveness in BSC
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Ho

A7) A (Actual Productivity)

A AAE(AO)

A A F A (AD
_ 5 XFU(SD 5 X AE(SO) AAAE(AO)
A A FJ(AD EXFYESD 2 g AE(S0)
= -84l (Efficiency)
X 8- A2 (Standard  Productivity)
< & ¥} (Effectiveness) (1

21 (DollA BExAAde] HxAEE(SO ¢ Standard
Output), &% F(SEStandard Input)< 071 golaL
ol& &Adsty] flaf AATS Ale= 2, AL AO
v AA yetop AAALHIel AXA "k A (D9

AWA RES 854 (Efficiency, Do the right thing)
HHow HEFS Sl ds] AAFYE AUF A S
A]Z_]_—jl}. H]%% Olﬁﬂ Jo] J,]JJ /\Q—XJ o] ;qﬁo]

& g 94 (Effectiveness, Do the thing
nght) o2 EXAE SOE 245 S8 AAlLk
% AOE 2/ 3lo] BExE Gl Ay Folth

ol 5o AN N%E G flall SO=907,
SEFI007H2 =3#E AAste] AR, AO=%71= &
AEIRNE A5 2 (DollA AAIAAH=(10071/987H)(90
71/10071)(9570/9071)=102.196x90%x105.5%6=96.9%6°] 4
FQoll e g8 1021%, A&l W3k aypxde
105.5%°]t}.

2 ARl e A (1) A *ﬁ*}“ﬂﬁé 13
A ERAds G qlst

o ot

o ¥ Z&da} o] md mw T-ﬂrg-
o] Internal Efficiency ¢t External Effectiveness
yeletA st F31% S vk

TPMelA 9] OEER:= 2] (DolA] AllA] o]
Aol o3k Alom AArE AuA Tty EgikE

Wi k4 oo

W ol
RE =

AREe] zlel)l AH|EAE FI5sl7] 918 Aot whebA]
A OEEE w532 &(Efficiency) & A&l A
2y Aol AH|Ee§ v (Effectiveness) ® OEEY]
7S Agsllof sho} gl A1) 4838k AR AQ)
S5MIJP(Man, Machine, Material, Method, Measurement,
Jig & Fixture, Part)e] &893 $7 AIX171%¢] OEE
o] g HeE Ads A= ALz Tl

ol FFsste

3. Lean OEE® TBP, UBP {AA E9]
ilk-le

3.1 TPM OEE, PAC OLE, Lean OEES]
Az 3 AA

TPM OEE+= <1¥ 2>9F 7o) A2 2AZHTL :
Total Loss Time)S FFaste], @HAAFAIZHCCTT
:Calendar and Clock Total Time)th 7S A7F
(VGOT:Valued Good Operating Time)H| &= ERA
A|3£0]3L Lean OEE® @ dHIAIZHTW: Total Waste
Time)& @53k}, TPM OEES] VGOTH #F-717H4]
AIZHLVAT : Lean Value Added Time) ¥]&= YE}
W X o)t} Wb Lean OEE= TPMS] 229} LPS
o] YHlE SR ghasEy] sk Al AR
o]t TPM OEE®] AnjZ2 TLE Au|zpate] o] &8,
An] TRsAIHE, AAYN] Aulds, FERA A
H52A7F 59 7R #AA  UREL(Utilization
Rate Effectiveness Loss), AREL(Availability Rate
Effectiveness  Loss),  PREL(Performance  Rate
Effectiveness Loss), QREL(Quality Rate Effectiveness
Rate)2 7251 ©o]& Z}2} U-Loss, A-Loss, P-Loss,
Q-LossZ F27]2 it}

CCTT

VGOT (MTBL)

TPM OEE :

TL (MTTD

LVAT (MTBW)

Lean OEE :

T™W (MTTK)

<Figure 2> Overall Structure of TPM OEE and Lean OEE Measures
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131, PLDTol|A ARELS Al€st A|7H dlo|EL-7}

CCTT

PDLT (MTBL(1)) UREL (MTTI(1))

UREL (MTTI(Z,))
>

ROUT (MTBL(2)) AREL (MTTI(2))

AREL + UREL (MTTI(Z,))
T >

ANOT (MTBL(3)) PREL (MTTI(3))

PREL+ AREL + UREL (MTTI(Z,))
>

VGOT (MTBL(4)) QREL (MTBL(4))

QREL + PREL+ AREL + UREL (MTTI(Z,))
s >

<Figure 3> Structure of TPM PAC OEE Measures

1
HE3FA17F PLDT(Planned Dudy Loading Time) Iding and Jamup Loss),

AT A=
'—'T»L/Roqo

3>2] CCTTollAl URELS A3k AI7He Al 9 EFHAE AANAAEA MSILMinor Stoppage,
A sF= 2~
RSL(Reduced Speed Loss), °lUYXZ2 EL(Energy

=217} ROUT(Rated Operating Up Time)©]aZ, ROUT
o4 PRELS Aljgk A7k AAle9A7E ANOT
(Actual Net Operating Time)©|™, ANOT]4 QREL
S ALg AES 79 A% VGOT(Valued Good
Operating Time)olgl $Fh.  OLE(Overall Labor
Effectiveness)= AA2AE 7adle] w223 ys
P71 e E AHAIZHMachine-Hour) < 2+
A7k 5 (Person-Hour) & X3H3F 2 <8 3>9]
ANZFA Y 22AAE AT 23l TPM OEES
a2 AR Atk AAAel A§- TPM
OPE(Overall Palnt Effectiveness)®= <Z1¥ 3>2] TPM
OEE°llA UREL <+ A7|FA1X4(SD : Shutdown)¥}
ROUT & AitolER Yehll= AS A9stas 2
= AR B2AAI0] AREo] ZFssith o, U-Loss,
A-Loss, P-Loss, Q-Loss®¥ AMlF229] Y82 &
5 TPM OEE®] 7 U-Loss®| F5ell= A8 SDe}
A 22 PSDPCL(Planned  Shutdown — and
Production Control Loss)e] 03, A-Loss®] FFole
TYAA 22~ FBL(Failure Breakdown Loss), 4|1l
AFA 2=~ SCAL(Setup, Changeover and Adjustment
Loss), X&7E2=2~  CJBCBL(Consumable Jig
Breakage and Cutting Blade Loss)e] 212™, P-Loss

Loss)®o]l A1, Q-Losse FFol+= x7|54AF +5
22 SURYL(Set-up and Reduced Yield Loss), 2%
B3 A7le-=2 DRL(Defect and Rework Loss)el <)
t}. PAC OLE9 4% A-loss® 4% FAALZE~
EXL(Excluded Loss)o] 903l A-loss®] SHFe 22
ML(Management  Loss), ®2F22~  OMRL(Operating
Motion-Related Loss)©] 910™, P-Loss®| &+ ¥4
272 LOL(Line Organization Loss), AlFs3pH3lz
ADLL(Automatic Distribution and Logistics Loss)7}
A3, Q-Loss® AF FAHZE2A MAL(Measurement
and Adjustment Loss)7} itk

<9 2>°14 Lean OEE®] @7ddH] TWE <1d
4>9F o] YA FAHED) 7] EH] OBW
(Overproduction and Blocking Waste), A|12% 3H]
ISW(Inventory and Stock Waste), Z}=3F I3 &3}
FJEGe] 2]t 2HkhdH] CTW(Conveyance Transporting
Waste), #J7FadH] OOW  (Overprocessing  and
Overmachining Waste), F-%th7]dH] WSW(Waiting
and Starving Waste), L(Work)d}#] %1 &7 ol=
(Move) 52hd®] MMW(Motion Moving Waste), =%
S w=E 8] MDW(Making Defective Waste) 52
2 gk
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Mo

VGOT
LVAT(1) (MTBW(1)) OBW (MTTKI(1))
OBW (MTTK(W;))
o>
LVAT(2) (MTBW(2)) ISW (MTTK(2))
ISW + OBW (MTTK(W,))
oo >
LVAT(@3) (MTBW(3)) LTW (MTTK(3))
LTW + ISW + OBW (MTTK(WWj;))
>
LVAT(®4) (MTBW(4)) OOW (MTTK(4))

OOW + LTW + ISW + OBW (MTTK(W}))

LVAT(®G) (MTBW(G) WSW (MTTK(5))

WSW + OOW + LTW + ISW + OBW (MTTK( 1))
>

LVAT(6) (MTBW(6) MMW (MTTK(6))

MMW + WSW + OOW + LTW + ISW + OBW (MTTK(WW;))

LVAT(7) (MTBW(7)) MDW (MTTK(7))

MDW + MMW + WSW + OOW + LTW + ISW + OBW (MTTK(W,))
o >

<Figure 4> Structure of Lean OEE Measures

LTCT ANOT LACT|| ANOT |- A
1

]
]
I
]
]
|
I
=7} |
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I
I
I
I

AU
AU 7+
<Figure 51> LACT > LTCT
aNor | LACT I anor |44,
LTCT|| ANOT | | s 5
LT i AU =7}
AU

<Figure 52> LACT < LTCT
<Figure 5> Difference Between NOR and NSR in PRE Measures
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3.2 Lean OEE®| TBP QAR 79| /i

<3y 2><ay 3><a9 4>94 CCTT, PDLT,
ROUT, ANOT, VGOT, LVATS] A|7F7]=e] 2]gk A3
AH(TBP : Time Based Productivity)# ¥+ 2] (2)¢}F
Zom MU|ZAAAE T3 471HA] A xR Adhlo]&-&
URE, AX7Fs& ARE, 457Fs& PRE, 4%E QRE
of @ dAAE F welo]E LRE(Lean Rate
Effectiveness)® 7’3 ®t}

LeanOEE= UREX AREX PREX QREX LRF
_ PDLT _ ROUT . ANOT _ VGOT  LVAT
CCTT™ PDLT ~ ROUT~ ANOT  VGOT
_ LVAT
CCTT
_ LGUXLTCT
CCTT

2

21 (2)9] A57HsE PRE= 4 33 o] ¢/ &
NOR(Net Operating Rate)¥} <=%%#o]E NSR(Net
Speed Rate)2 #3ll¥]= d] <Z1¥ 51>3 o] x|
Ato]ZERY] LACT(Lean Actual Cycle Time)©] @o]&
Ato]ZEF) LTCT(ILean Theoretical Cycle Time)X.th
AX As7bsEC] Y S LACT7F S7kstel| wa
AAG=F AU(Actual Units)7} #Hashs 28 vehdH
<a¥ 52>% LACT<LTCTZ As7FsE°] £2 74
T AUZF S7Fske AS dveRdnh 21(3)¢] NSR2
<9 5> AR HENA)HAS WA ko] AL
o|ZEI Y AA A IAE AA S

_ AUXLTCT
ROUT

_ AUXLACT _LTCT
 ROUT LACT

= NORX NSR 3

Lean OEEd] tigh 4] (3) PAC OLE°] #-&3 7
T Boje} HEEAME gt WA FofoF )
LTCT, LACTE PACe A% 72 xazrdse]
(Pace), #=2dlo]~2 Yepd 79 NSRS 24
=2 #HAsh= dlol’”(Rating) Al sg3ic), 24 (3)
o] NOR¢ ## AUXLACT:= Hit#=zrd A7t
AF-&S 13 Agtolt) o9} o] F2AITFA
A FraEEg AR dlol’o] ¥ A=A Tkl
o Z

&2 JPlse #ME BERAYATE TR

2] (305 83k PACOIA = HdtdS2dAIZtel o

3t NORS T38tal #lo|’-S elsh= NSR
of & FEE2AAR o]l Felixivy EE <% 3>
fo]EL7FEAIZ ROUTE PACS ¢ FF%
(Standard Person-Hour)7} €t}

Lean OEEX CFT(Crossed Functional Team)2] %
AT os AAER Fesn A (2)oA]
URE, ARE®] AJrbddera} ALbA &Rt =), el
Zke] ofgte], PRE®] AH|dsy} AHo] ~FEe A
H| 7|2}, 2zl A4ate] AEo], QRES] #HEA,
AFAA, Az #8472 VE71E4), [E7]1E2F
o] dgto] WAEE @7Hth. TPM OEEelA AuZ
24N o83 MRS URES, Au|7F 223 o
ZA] ARgo] 7Fssh wlpKS AREC] 39dEh Lean
OEEd A= @r[adela] AnlE FAstal F3she
W=H A (Internal  Setup) o] 3E3H= = BRI} A4
Ve & 7Fed 2= (External Setup)Rto] 3t
i wfEpRE RSk

S

3.3 Lean OEE®| UBP AAA &Y /AT

3249 2 (29 AzV|E AMIARE A
TFigxAlo|FERI el #AIE o] &3lA FETIE AL
(UBP:Unit Based Productivity)A%=Z= YehHH 2
@D} 2o TU(Total Units)= CCTTel A4
PU(Planned Units)= PDLTe] A&<4% RU(Rated
Units)= ROUTY] d#HolES, AU(Actual Units)&=
ANOT?] A= GU(Good Units)= VGOTS] =+
% LGU(Lean Good Units)e LVATS] dUYE4F
< UERATE

PUXLTCT RUXLTCT AUXLTCT
TUX LTCT PUXLTCT RUXLTCT
GUXLTCT LGUXLTCT
AUXLTCT GUXLTCT

_ PU RU AU GU LGU _ LGU

S TUPURUAU GU ~ TU “@

Lean OFEE =

<IF 3>, A (), A @DE olgdEA dYAEA
T, LA N, BRIAAE ¢, BFE
A EFJ(PT : Pitch Time)2] 3714 F&e]
OEE®] o]2Ato]l Bl TCTE 4 (B¢ 2
& <a§ 3>l URE, ARE7L, PT,% PREZL PT,
£ QRE7} ¥kd el A 3goltt.

o N

=

aoll
gt
o
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= I

Ho

T_ CCTT— UREL— AREL

2 (5)9] o]ZAto]ZFE}elo A o] 2(Theoretical) & <3

PT, =
LN RU 02 Reference, Expected, Target, Goal, Standard,
_ ROUT _ RUXTCT _ Nameplated, Rated, Designed, Designated, Ideal,
RU RU rer
Potential, Shortest, Accredited, Nominal, Highest,
PT, = T(lj;yl) — ROUT(l_i@EL/ROUT) Maximum( ¢! Rate! 73-7), Optimal, Best Known
o2 EFeH H¥e= [AWNER, o9 Y=
— ROUZ_UP REL _ Ag 2T UPH(Units Per Hou) W= UPEH(Units Per
i =
AUX TOT Equipment  Hour) Speed Rate, Run lete,
=T A rer Throughput Rate, Capacity Rate, Pace Maker= &2
o o] 1- A =
_ T(-y)(0—a)  ANOT(1— QREL/ANOT) 1 & DI/AIRH el TPM OEESIA = UPEHS,
PIy= N = GU PAC OLE®|4+= UPPH(Units Per Person Hour)Z 2zt
_ ANOT— QREL _ VGOT Zke] &7} /A - AIRH, /] - Al el
GU GU Lean OEE®] tist 39 W8-S g9kt <x 1>3
 QUXTCT 2t}
= au TCT )
<Table 1> Structure of Losses and Wastes in Lean OEE
. . Downtime
Rate Units Uptime Loss Time TPM Losses PAC Losses Lean Wastes
URE | TU-PU CCTT ULoss : PSDPCL EXL
UREL
A-Loss : FBL, SCAL
ARE PU—RU PDLT ML, OMRL
AREL CJVCBL
PRE RUSAU RUUT P-Loss : MSIJL LOL
PREL RSL, EL ADLL
QRE | AU-GU | ANOT @ Ross - SYRYL MAL
QREL DRL
| Wasie - OBW, ISW, CTW
LRE | GU-LGU | VGOT aste OOW, WSW
LREW
MMW, HDW
4. Lean OEE¢] RMBA “AX %9 7I
A(W) = LVAT _ LVAT/ W
0] <) 2olp) AR s} st ) AR LVAT+TW  LVAT/ W+ TW/W
MTBW Ay

(RVBA : Reliahility and Maintainahility Based Productivity)
AEES A=Reliability/(Reliability+Maintainability)=Uptime/
(Uptime+Downtime)2] #AIE  o]&38t] b 2
6.1), 622 2o MIBL(Mean Time To Loss)¥}
MTBW(Mean Time To Waste)= Uptimes, MTTI
(Mean Time to Improvement & Innovation), MTTK
(Mean Time To Kaizen)i= DowntimeS UERdTH

AL = _YeoT VGOT/L
VGOT+TL VGOT/L+ TL/L
MTBL AL

T MTBL+MTTL A\, +u, 6.1

~ MTBW+ MTTK X\, +p, 62

<Z1® 3> thd RMBA°| tidk AxE 2 (7.),
(72)¢F 2o MTTI(i)=UREL/L, 2 WA 229

Downtime, MTTI(Z,)E= & 74Ae] 2o 3t

Downtime®. & H&H39] 79 Z+zZt PDF(Proability

Density  Function)®}  CDF(Cumulative  Density
Function)ell  slidgicy.  AH5e] =220 gigtele
MTTI(1)=MTTI(Z,)o]aL  wpA9F 229 MTTI

(L,)=MTTL w49k Uptime®] MTBL(4)=MTBLe®] =]
ol 2} (7.De] A (712)% s x3d + vk
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AL = PDLT  _ PDLT/ L,
" PDLT+ UREL PDLT/L,+ UREL/L,
_ MTRBL(1) N
MTBL(1)+ MTTIL,) X +py,
A(L) = ROUT
2 ROUT+ (AREL+ UREL)
B ROUT/(Ly,+ L,)
 ROUT/(Ly,+ L)+ (AREL+ UREL)/(L,+ L,)
_ MTBL(2) N
MTBL(2)+ MTTILy) X+ py,
ANOT
A(Ly) =

 ANOT+ (PREL+ AREL+ URFL)
B ANOT/(Ly+ L, + L)
-~ ANOT/(L,+ L, + L,) + (PREL+ AREL+ UREL)/ (L, + L, + L)

_ MTBL(3) N
MTBL(3)+ MTTI(Ly) ~ A+ py,

VGOT
VGOT/(QREL+ PREL+ AREL+ UREL)

A(L4) =

_ VGOT/(Ly+ Ly + L, + L)
"~ VGOT/(L,+L,+L,+L,)+(QREL+ PREL+ AREL+ UREL)/ (L, + L, + L, + L,)

MTBL(4) Ay

~ MTBLA)+MTTIL,) ~ N +py .1)
B VGOT/L
AlL)= VGOT/L+ TL/L
A
MTBL L 72)

~ MTBL+MTTI X, +p,

<I¥ 4> tig RMBA tidt A xE 2 (81),
(82)¢} #Zom MTTK(G)=OBW/W,Z x| dh]o]
Downtime, MTTK( W)= iHA7A2] o] gt
Downtime &% 7}z} 2304 PDF, CDFol| &]33H}).
g2 el thstedE MTTK(D)=MTTK( W;)e]aL
upx ek gule] MTTK(W;)=MTTK, »F49 Uptime<]
LVAT(7)=LVAT, MTBW(7)=MTBW7} =o] 2] (81)
o] 2] (82)= zreFs] Yehd 4= Uk

Aw) = LVAT() LVAT(1)/ W,
VT LVAT()+ OBW  LVAT(1)] W, + OBW| W,
_ MTBW(1) _ A
HTBW(1)+ MTTK(L,) N+ py
LVAT(2
A1) = 2)

LVAT(2)+ (ISW+ OBW)

B LVAT(2)/ (Wy+ W)
 LVAT(2)/ (W, + W,) +(ISW+ OBW)/ (W, + W;)

_ MTBW(2) _ N
MTBW2)+MITTK(L,) ~ A +n,,

LVAT(7)
LVATT)+ (MSW+ MMW+--- OBW)

B LVAT@)/(We+ Wy 4+ W,)
~ LVAT(T)/ (W, + Wy -+ W) + (MSWA+ MMW--- OBW)/ (W, + W+ W)

MTBW(T) Az

A(w;) =

’

T MTBW()+ MTTK(L;) A +uy, ®.1)
B LVAT(T) W
A(w)= LVAT(T) W+ TW/ W
Ay’
MTBW 17 (82)

T MIBW+ MTTE Ay + iy
5. Lean OEE®} TOC OEE #]-gHI¢t

5.1 Lean OEE & -&A}g)

<HE 1>o] @¥AiZFAIRE CCTTOA TPME] 4714] =
2291 U-Loss, A-Loss, P-Loss, @Losse} IPSe] 7714
311 L-WasteZ #1£]3F Lean OEE 2] (2)2] @577}
ANZY LVAT= 43 % 10" o] HAdH] M=1000the]
DRAM, SRAM A|z=37do] k. Sk kbl Azl 2)7b
o] AAEAelA ARl 12F AR-ER0 EEZH] A
FAATIO] 430%/ 702 o 23 A (Bottleneck) 2] Hol= AL
o]ZEl] LTCTelth, UPEHE 3dsl7] a8 <21¥ 6>
T} o] xEFA| 23} AN-FA HA, = =% |
2}, aAle), Wzke] 670 FAm)ol tidk 29} WdnjAAS
3 1A 1B 53 UPEHEAS A|=3s13ic) 7
Ajero 2= AT F gefleh ARl gk YAl
AA 22 P-loss?t =334 & 2HEy} FEHH
gk FA7GHE|S) L-Wasted] AAS Bx2 242} 150
Z/MeA 80z/7W, 130z/7lellA 10x/712 <19 6>2]
AR} o] LTCT=300%/702] Z¥AFS A43s)9]
t} AA| WHNEEAT} P-Loss, L-Waste F-2ellA 22 5
Z/NE O 953l <a¥ 6>9] AR o] diy
Ae B2/, =FEHL 62/719 LTCT=290%/7/= 7}
A=A}t P-Loss?t W-Losse] 7| ays ool 57] ¢
3l Al H3E Al digk LICTY "=} olof] ma
UPEH?] ado] <3 2> Yeh) 9lor ¥ & MF3A

of Belue A EH Folde & 4 v
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Al ZEZELIFH)
150
I I I I I |
=E == e =R =R 2 =
<Figure 6> Photo Processing Times in Semiconductor
<Table 2> Implementation of UPEH in Photo Process
& A (Theory) ‘ & % (Plan) ‘ A A (Actual)
— 4=
Given LVAT=43x107%  Aw m=1000d]  LVAT/M=43x10"%/H
LTcTr
(/] 430 300 290
LGU/M/
_ LVAT/M
=~ IrcT 1000 1431 1483
(71 /]
UPFH
_ LGU/M g 3.3x10° ¢ ~6
T TLVAT 2.3X10 3.4x<10
[0/ - =]
Ly= . .
LTCT/ (nx CT) CT= 150%/7} CT= 802/} CT=15%/7)
% 100(%) 48% 63% 64%
SHTn=6

5.2 TOC OEE # &<t

TPM OEE+X U-Loss, A-Loss, P-Loss, Q-Loss¢]
S8 ZEA8](Equipment) 2] OFES 2 3h=
&gt} 1#fuh A (Upstream), $-(Downstream)
H]o] o]&A](Dependency)S e 3HA] 7l
OFEZ HuYE sh= B354 3K Suboptimization) S -5}
98 ¢ AAFAH e ¥M5A(Variability, Randomness,
Uncertainty, Fluctuation)©] #AA o] w& EAHS
A5 = A "Bk <a¥ 7a>olA HlEEFA
(Nonbottleneck) “24]1e I} RWAHOverproduction) ¥

A A
o o tlo

w2

&kl

i

o] of 234 (Bottleneck) AAH]2014 A 7](Blocking)
7F Akl vloj 24 B3 F-Fo)7](Starvation)
Aol ABE =3k WIP(Work In Process)9]
s W57 Yske] TPM OEEo|A+= olzZ374 A
Hlo] 22Ifdom o] ZALo]FERI(TCT) w9 i<l
Aoz JIT(Just In Case)2] W o =2 AH] OEES]
A3 FoA <Oy 7>y o] FEZR)

o] JAHsHA| ot old mE ArbAso] FAlE S
AEiE o]Fo]d = Qdrt o gk F-oji wielnle]
AEAn]e] OEEZ HWl2 8h= TPM OEEClAM %4
AAAve] Wyt FoLEE 1HgE JEdAE

off m%

ﬁ%
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OEE®] tix|= &galA|vt AA| j=34°] OEE7}
Hlo| A o] OEEY] £45 0] ASlelx 714 kst w1
ZH o] Aol A esl= rgg_ ﬁzqo}zo] A =pe-

An)e] OFE7} AAl A Aasas A4 wck

(a)

Al A2 A3

TPM  OFE TPM  OFE, TPM  OFE,
90% 85% 95%

TCT, # TCT, # TCT,

(b)
<Figure 7> TPM OFEFE Case

(a)

Al Levelling 4] 2 Levelling A3
Rope Rope
Lean OEE Lean OEE, Lean OFEE,
90% 90% 90%
LTCT, = LTCT, = LTCT,

(b)

<Figure 8> Lean OFFE Case

(a)

CCR : DRU Bl
A2 =
TP OFE TPM OFF,
85% 55%
toc OEE toc 9B
o3% AN 04~85%
Buffer,
) suoiss [ muorze
I 100% B3-33%

TOC OFE,= Buffer, + TOC OFEF,
TOC OFE,+ Buffer, = TOC OFE;

(b)

<Figure 9> TOC OFFE Case

A A el digk LS 2E7] flste] B
£ Adnle] OEE: <19 8>3 o] #¥dk(Levelling,
Hejjunka)¥o] JIT(Just In TIme)2] A4S F-3it}
w2bA] Lean OEE: ZRWHE vhEths 82 AP
28(Market Demand Rate)oll 9= & 3le 740
o] OEE°l w3t x|l #2lE flste] SetollA AL
43l Metronome 2+ A3 Pace Makerg AH8-3F
t}. TPM OEE7} Hui, H4s=S arefeh#] il 3
1 OEEE tho® 3= whd, Lean OEE: L-Waste
o] &S 53] A2 OEES Zero® & 2He ukzt
9] Tack(Takt) TimeQ! 7NWEAwW|e] LTCTV| #E=Z
LS frAehe 2ol

Lean OEE7} ofZ&43} vlojzZ34e] OFE %
T3l WS S=5bd, TOC OEE:S Apiske 5.8
57134kl ure= JIF(Just In Flow Synchronization)
Hopxlo]q, TOC OEEOHHL <:7_al 9>91r 7Lo] OHi*ﬁ
AAH]29] OEE=85%7} AA&A4el Throughputs 24
3}7] W&ol CCR(Capacity Constrained Resource)?l

1

o o

An27k AAAFEYEEI Rope® 12 (Pull) ¥ o]
Drum®® OEEE 953l Hlel2343+ OEE *}o]&

W Ass 582E Buffer® 8 23ke](Push) A=
Pull and Push® DBR(Drum Buffer Rope) HW2]o]t}
TOC OEE°NA+= <29H9>9} o] o234l AAn|29]
OEE=8&%7} A &7 Aikses AAs] wol
ol 8ES 100%%E T8 Fe HHZ HF7ge] nlof
2Z3AdA o] FE)7](Starvation) & HPXBM st
Buffer, & A48l of2Fge] oi=
OEE7} &2d%A %% 2% F .
F7](Starvation) & WAst7] $1ste] Buffer,& A%
gt} Lean OEE7F WIPS ZeroZ &= w8 3td OEE
°] RopeE® A& #lelgid TOC OEEx: WIPS:
Buffer= A}-8-3l= *#3sld OEE®] RopeE A+ DBR
2ol

e

349

6. 24 &

=

B dellMe Anule(Loss) WS 1% TPM,
]
i=]

2 2~Loss) /IS 938k PAC, 34 8](Waste) 74

N

S $13F LPS, CCRY] #A4S si4st7] 913 TOC
595 121$ OEE9] <A AAHIA N L} 48
AHIE A A8

AA ABIA F= AEA ATA3E U-Loss, A-Loss,
P-Loss, Q-Loss, L-Waste?] AIZFFAY} 22 )4
Aol sl wAE d¥kE W@t Hed ¢ RS,
TBP(Time Based Productivity), UBP(Unit Based

o ™ 4
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Ho

Productivity), RMBP(Reliability and Maintained Based
Productivity)] 37F4] HEZ /= Act AFAte] o]
A= w7] fl8] w=AEgol A2l Lean OEESF UPEH
AgArtd S AAskaL TPM OEE, Lean OEE, TOC
OEEZ 7ldAdn]e] 53 (Capacity) ¥ AA14du]e] 52
(Flow) 9] #ellA A-81eks Atttk

FF AFEE 2 AgelA] Aljkst AABN, 58
, AN, 3] A9l ARE o] dske] At
F91 g a7F 1el¥ OEEY] E3A 370l
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