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Abstract

The objective of this research is to study the behaviors of the service process of the hospital
when the improvement policy, lean six sigma, will be implemented. The research methodology is
to use system dynamics for simulating the behaviors of the hospital system. The system consists
of appointment systems, medical units, outpatient department (OPD). The system dynamic model
presents how to integrate lean six sigma and guide the way to implement lean six sigma to the
service process of the hospital. The behaviors of the system studied were generated by four
policies. There are 1) current operation 2) implementation of lean production system to the
processes 3) implementation of six sigma quality management to the process and 4)
implementation of lean six sigma approach to the processes. The processes were evaluated by 1)
rate of process flow, the key performance indexes are operation cycle times and flow rate ratio 2)
productivity of staffs, the key performance index is productivity and 3) quality of service, the key
performance indexes are quality of service and perception of quality. The results of simulation of
system dynamics model are shown by graphs of the system behaviors. As the results shown,
average operation cycle time is reduced 57.4%, flow rate ratio be increased 375.75%, productivity
be increased 30.4%, quality of service be increased 120.7% from current operation by lean six
sigma approach. In conclusion, the system dynamics model can assist the administrators of the

hospital to make appropriate decisions on improvement policy deployment.

(Total 127 Pages)
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stage 1 Eecognize Problem

sStage 2 Problem understand and System Description
{Casual Loop Diagram)

Stage 3 Qualitative Analysis

» -tage 4 Smmulation Modeling

Stage 5 Policy Testing and Design
& Sensitivity Testing —

54 Exploratory Modeling and policy

Designby Simulation — Insight Ideas

Ubjective Function
5B Policy Design By Optimization ee—— R ghust Policy

PN 2-18 Fuaeumsad i laseainiinainaiaveaszuy (Coyle, 1979)

Sterman (2000) 18uaasiunounszILMT AL a9 5 Tunon
1. msﬁmmﬁ?ﬂaﬂmw (Problem Articulation) N15t@onvo LAYl Q1
1.1 m3taensuuesilynl (Theme selection) ¢ lsfeilynuazina lavdels

1.2 @ulsman (Key variables) 2 l5Andulsudnuaziunnaiiisidesfiansan

1.3 AT9UVYBITZHLIIAT (Time horizon) 1511915841 11 luemaauivua T tazuiu
ua lvudedoundu lgsnvesaungilom’la

1.4 matiomilymluFanaia (Dynamics Problem definition) 52UU819890¢ 150

v H A
nganssuluefnveuiAatazAulsvan oxlsnedeiuaaanganssumaniulueuing
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4
2. msﬁ’qawmgquwai’m (Formulation of Dynamics Hypothesis)
4
2.1 MIadauyAFIUAIAY (Initial hypothesis generation) 9% l5AoNOBNTOUUIAA
voanganssuvoailymluilagiiu
2.2 sjudiuilyninielu (Endogenous focus) a3 19auuAgusinaiaiouen
I o ] o w %
Wuwada wu srevvesInseadramstloundy (Feedback Structure) nelu
9 A . o A 9 Yy a a A 9
2.3 MIATNUHUN (Mapping) WLUHUNYDI IATIATINONDINNAUYATIUTUAY
Am1l5%an (Key Elements) Y0955 0191999, azdoyaduqiliog TaoldinToailo 151 Model
boundary diagrams, Subsystem diagrams, Causal loop diagrams, Stock and Flow diagram, Policy
. 3 Y
Structure diagrams wudu
o 4
3. Myad1auvsassanIumsal (Formulation of a Simulation Model)
3.1 M332Y (Specification) Yo InTaar3 1y, Yomsdadule
a 1 a 4 [ [ 4 a
3.2 nszilsziiun (Estimation) Y0IW13 1319193, ANUANNUTUOINGANTTY LOL
Y
ANNTAIAY
o J 4
3.3 @329a0Y (Tests) ANUATINUIZHINYAU T TRtz YR LAY 0ITl Q11
4. NMINAADY (Testing)
4.1 M3fSeuieuiuszU81984 (Reference modes) LUUT1ABINTT1INYANTTH
[={ 1 Jd A ]
yosilyr Inuiisanedogalszasdnio lu
= Aa A Y d‘a =Y 1 ..
42 anuildszansnmumelaaanziialn@od19un (Extreme conditions)
o =\ 3 A A (] AAa Aa 1
suvdaealanuiluasalond luanizninlndedaun
U o I [ A A a 4 a’/‘ 1)
4.3 anu 1y (Sensitivity) Huydiaesvziluedialsiloiensiines aaizasdu
YOUUAVBILLVT104 tarmssIunu Iau i luiveu
5. mseenuuuu Tetenazmslsziiuna (Policy Design and Evaluation)
v v 4
5.1 M33YUHUNG (Scenario Specification) Jou lyvesanmiadoniinaiune
oz 'ls
. . ¥ A o Y
5.2 mypenuUUUTeUe (Policy design) o2 Isngmsaaduly, nagns uaz Tnsead
A a dg’ Y a o o Y
Tnifausomnaduldese uazupvudaesinaueeeninlaedels
5.3 “Whatif......” 8¢ l5Aeransenuiuu Towe
a L4 . = a A ~ 9
5.4 M3AA512AY 1 (Sensitivity analyze) u lovneiilseaniawiioslanield

9 H 1 v o { ] 1
aﬂTWm@1afJuﬁLmﬂmmazmmwuﬂﬁ'lmmuau
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5.5 wlswenNlRnTemeny (Interactions of policies) U 18118UNMINANTE NV
NAUNUMIHIOAUATUAY

[ < [ R Jc?/’ o @ {
ﬂ\1Llﬁﬂ\1HJuﬂ'J’]ﬂJﬁ'NWU'ﬁalluﬂf]uﬂ'ﬁﬁ%}"NMUUﬂWaﬂﬂWﬁ@@lm@\iﬁgﬂuﬁlUﬂTWﬁ 2-19

Rual
/ World

Decisions Information
{Organizational Feedback

Experiments) ‘/

1. Problem Articulation
(Boundary Selection)

5. Paolicy
Formulation {/{/7'9 iﬁ?ﬁﬂ;

& Evaluation

Strategy, Mental
Structure, Models
Decision of Real

Rules \_/, World

v Y
MNWN 2-19 VUADUMITAT VDI 109N TAVDITLUL (Sterman, 2000)

2.2 MSWAANUDAY (Lean Manufacturing)
2.2.1 Uszdamswaauuvau
a A A A dgl ~ a o a 4 9
HUIAAVOINITHAATITHUYUNAITIEN 1940s 1ABUTHNNAATOIUA Lo ToA1 AW
UUIAMNAA TUAIINITHAAUDY Taichi Ono @z Shigeo Shigo IAINTVBIVTHN NITUNAUIN
FTUUNUNAINOAJust-In-Time:  JIT) ¥5052UUMIHaAUD TaTed 1 (Toyota  Production
3 ax a a A Y o Yy A a
System: TPS) 1iuaimsvesmswaalithumeinmsldninenslidosigalaomsnaa
a o o’ay = Yy I a ) a [V A A
nansunruAed Iiiasinaeaaensnan uazaienszuiumsnan Tae Inlda ldnszuunil
v

MIuunLaziIdaveudenaNanaeanszUIUMINan laglauuianuaanmsidaveude
n1dWau1 TaguTEM Ford Y04 Herry Ford 1u%41) A.A.1900 @031 John Craffic 110398912

av Y a £y o 1w A & o ' a
ammu%ﬁu%szuum’u*Wamm‘uiﬂﬂm Llagwmu"IﬂJ”IQ'ﬂiclfﬂJuTﬂ"IiNa@] HAUTYNIT NITANARA



20

HUVUAY #30 Lean Manufacturing aalu215a15 “Sloan Management Review” 1 n1.91. 1988
) = . A ) dy L] (% 9 Y] <3 [
%uﬂiwﬂuﬂ f.7.1990 Jim Womack ﬁuclﬂcluLif)\‘lﬂﬁﬁ\‘]%”ﬂ’ﬂmﬁﬂizﬂﬂﬂ WIDUNUIUIN

A ] A o w 1R Y= [l = ° [ <3|
ﬂJu‘]Ju1J§$ﬁ'llﬂ'J']iJﬁ']!jfﬂiulﬁﬂﬂﬂWﬁﬂﬁ]ﬂﬂﬂWthylﬂﬁ’] %Qllﬂf”fﬂ‘lsl'l@fﬂ\iazlﬂﬂﬂl!az‘ﬂ’]@ﬂ’l\nﬂu

'
v A

iz‘uuﬁ]u‘ﬂ5mummﬁu?ﬂuﬁmﬂﬁﬁwﬂmqauuﬂa'wﬂzcﬁaﬂﬁ%mmﬁuﬁuﬁuﬁm Tagiarue
291y 1un179d0 “Machine that Changed the World” laslvinanmsvesmsnaauvvau’ll s
Uszms fie 1) seyuduiigual 2) MemmuaaessauAI(Value Stream) 3) M3 11 (Flow) 4)
iz‘]J‘]JﬁQ(Pull System) L 5) ﬂ31uﬁuyiﬁtlﬂ‘]J(Perfection) (Womackttasaale, 1990)1@8&!@’@4

Y 3 awv a H
AR UITANUINTUBINMTHAALUVAULAAL IUNIND 2-20

1850
|— Eli Whitney
. Interchaangeable Parts
American
S Civil War Drawing Conventions
Eli Whitney il Tolerances

Modem Machine Tool Development

Frederick Taylor
Standardized Work
Time Study & Work Standards
Worker/Management Dichotomy

Frank Gilbreth
Process Charts
Motioh Study

Henty Ford
Assembly Lines
Flow Lines
Manufacturing Strategy

Edwards Deming
// Joseph Juran
Ishikawa
SPC
TAM

Eiji Toyoda

Taichi Ohno

Shigeo Shingo
Toyota Production System
Just-In-Time
Stockless Production
World Class Manufacturing

Lean Manufacturing

MW 2-20 FTIAUINMIGMIHAALUVAY (Lee, 2003)
2.2.2 3NNOIUDIAY (Lean Perspective)
[ £ a = A Y A 1 o 1
nanlszmavilevesmsraauuudu aeszywiu liNaua uagimuamiessaun
Aa ~ S A a a a =
YUNOWBIMIHAALULAY  NApMInTannTsu laasadevesnszuiumsnaa Taell

o a 3| [
ﬂ’lﬁi]'llllv!ﬂﬂfl]ﬂiillaaﬂlﬂu 3anywue
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v v
1. nanssuiildinanmen (Value Added Activity: VA) “lummwmaﬂﬁ'ﬁfuﬁﬂﬁw

L)

ﬁﬂﬁ%ﬂiiuﬂ!WNﬂmﬂT “lmmwammm ﬁi’i)ﬂ']'i‘]_liﬂ'lﬁ ﬂﬂL‘]J‘Ll 5% ‘lJ’ENﬂﬁ]ﬂﬁSiJVN‘HﬂJﬂ

2. fanssuitlimlfiRanai (Non Value Added Activity: NVA) Aonnssud 1 14y

q

Y 1T A [ a

1 4 a ] o 1 a
amldunnaanumn W?i’)‘]_liﬂ"lﬁ ﬂi]ﬂiillﬁllllﬁﬂ’l"lililuﬂuglﬂﬂi%D’Juﬂ"l'i ﬂﬂ!‘ﬂu 60% U3

9

INTTUNINNA

) B

v
o

a [ 1 1o a 1
3. nanssuddanusuiuna lidldinaquar (Necessary Non Value Added) Ao

Aa ~ WY A 1 Yo a o 4 A Aa v = a Y a I
ﬂﬁ]ﬂﬁiNVI"lﬂJhlﬂLWNﬂﬂlﬂ"liﬂﬂﬂWa@]ﬂﬂl“'ﬂ NIDUINII LL@?J']?T']ﬂJ'ﬁﬂﬂaﬂLalelﬂ Ay 35%

YOININITNINIHUA A4luA NN 221 paasdadiuvesnanssunazgduuumswa
NILUIUNIT
4
Typical VA NVA
Process
Tradition ProcessVA NVA Mingr Improvement
Improvement
Lean Thinking VA NVA _ Major Improvement _
Improvement ) -
Time

MW 2-21 dadruvesnanssutazglnuumsdsulianszuiums

A
lums15u1/59nT2 UIUMIHVUAUAV(Tradition Process Improvement) 3 ladiyuuos 1/
A

[ Y] S A a va . :JI A a ~ T 9
NP fﬂiﬂﬁﬂﬂéﬂﬂﬂﬂﬂTﬁﬂﬂﬂWiﬂj‘]UﬁﬂWﬁ (Operation) aQﬂ\iﬁﬂﬂleJﬁﬂﬂﬁ]ﬂiﬁNﬂVlNﬁﬁN

q

1 1 A a dgl A A A 9 =] 9 1 a =S
PR LL@]Wﬁﬂi%ﬂUﬂLﬂ@ﬂluﬂ@ﬂi]ﬂ‘ii3J‘Vlﬁ'§Nﬂﬂ!fﬂﬂﬁﬂﬁ\‘illﬂﬂﬁilumlu’z]ﬂﬂlmﬂﬁu W11y

v Hq ¥ & = a Ao o o ' QY =
ﬁi’]\ii!llll@ﬂ‘ﬂGh’i!fVi‘L!ﬂ\iﬂﬂﬂﬁiﬂﬂ‘ﬂ’lﬂ\‘]ﬁuﬂﬁa’ﬂﬂﬂigﬂjuﬂ’]ﬁl!az%’]l!l‘lﬂﬂﬂ!ﬂqqﬁlﬁuﬂﬂ

o w

a A o J a A 1 o Y a U 9 o 9 A 9y ~
ﬂﬁ]ﬂiimﬂﬂ"@mﬂumzﬂﬁ]ﬂi'i‘JJ“I/IullJ‘Vﬂch/iLﬂﬂﬂﬂ!ﬂ']LLa’Jf‘l']fl]ﬂuu@ﬂﬂulﬂﬁl?i!,ﬁa’ﬂu@ﬂﬂﬁ;ﬂ

a o A 1 & 4 I
wunfauuuay lasuunadeldan n5o waste Falundin]ude Muda sanilu 7 1Uszinn Ao

]

1. mMsHaauInAY (Overproduction) AUABINITUBIGNAT UUIBDINNI0E19NHAA

Suannidulal I oe z1luSafety stock 91UIZHINNATLUVIUMT (Work-In-Process) AUAIAIAG

a

3| @ @ ]
L‘]Jum! mwmﬂmmmuazma@uaﬂﬂﬂTﬂﬂllu"lﬂﬁummummm’eNm’iéumgﬂm

q U
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9
Y [ @ a [} 4
2. N1379A9Y (Waiting) ﬁ’JiJT]\iﬁNﬂllﬂJ’J"l’ﬂgiﬂﬂ@ﬂ'J@Qﬂ‘U %’egamnms Qﬂﬂiﬂ!ﬂ?ﬂ
1] 9 [
17993106199 TUTLVVYRIAY  HUARINMINILIANINALIBITUMIHAANTDATUTATHDY
] = . . ] <3 1 A 9 1 A o
NUIAINOA (Just-in-time) llllllui')ﬂ'ﬂ NIDFININUIDNINNIIUSA.

' . o a9 = ° v Ay D) =
3. NMTUUAN (Transportatlon) 'mammaqmaﬂumgmmmmmiﬂﬂﬁv HUWPON N9

naunuiagavignasnngsen llguinusududi munszuiumswaa indoudieg Tnaa
3 Aa 9 = v Qy 1 a a2 A Y A Yo a ]
MUTUA TawdIMsvuarudIu v snan szuvanianuaesansne lningauniv
Tagasanndsam ligaremsnanioz 14 Tagiui
4. nszuaumsniwdaluinanaea1 (Non Value Added Processing) 8nA108191%5U 1U7
o @ o ] . a o Jd A a I AW 1o & 9 o
gminduuiilng (Reworking) wanfaainiouims laqnawi hiduSegndesniglunss
= Iy A o Y 1 ' @ N Y a .
@y Fuilszneuiinioenuudlgisznousudalildndneonin (Debarring) MsasIvae
. 2 A a Yas aa A Yo 9
(Inspecting) FUAIUNNANBDNIN TAY1HITNMIAIVANNNTDAND 1HIUIUMIATIITD U DY

= A A
Ngan3oluiiae

=

umasnasnunnuly (Excess Inventory) Usgnoulidreiagay siuszring

Q)

5.

a

Y o a o IR

Y 1
ATZUIUMT LazaUMTNTD mmmmzﬁmmﬁuwuﬁmﬁuuazﬁuﬁumiwﬁﬁﬁmﬂmu"lﬂ

Pl
=< o a

=) = a a d' a Y A % [ A
6. YBUFY (Defects) W30 VINMIHANAANAAYUIN IMIFoasIngauTy 4 dnyazho
(% a d' a A 9 a 3 [N} d' 9 ) 1= 3
AnAU uIssnUARaanse 1imsuTms lmnaswsn ludu ussnuidesiinulnidnngs
Ay v A 1 9 = Ao o vy
HIINUNABIDYNDIDTUNITI0AUTIUNNIAWLAWNININGNM
A ~ a . A ~ 1o o =\
7. maadeuluafiunmnuly (Excess Motion) manasu Ivan liduuiiaunquian
9 d‘ 1 % d‘ = 2 d‘ o ad o d'
idun1ens Inavesauiing, Aalseui lia msquasnuaouiiau wazismshinui
danulaeluldtenasesuieg 13
2.2.3 HanMINAALLLUAY
1 Y
Tus1iado “Machine that Changed the World” N3ouT11AY James Womack tiazany 14
Aa [ a Y o A 1 Y 9 Y I =X AR
a5uenanMIVeINMInan 1l 5 Uszmaaannai’ aedu uazuaad limudauInanasu
Y] 4 { a [ Y] S A v Aa a
Tumstamsesansiiimsnaaning uazanuduiusninerdestunanssunegsne wagnig

The Nation Institute of Standard and Technology Extension Partnership’s Lean Network

(Kilpatrick, 2003) lal#dsrdaanuvesmsmaauuuaulian « A systematic approach to

identifying and eliminating waste through continuous improvement, flowing the product at the

. . ) o o w Y Y o q Y 29 v
pull of customer in the pursuit of Derfectlon”_mﬂmmﬂﬂﬂ’JHJﬂJ%?Glu‘V]ﬂWLﬂﬁnﬂiﬂﬁ]ﬂﬁ

[ a = d! Y o A
’Haﬂﬂ'lisll'ﬂxifﬂiNﬁmmﬂau"]ﬁﬂigﬂﬂﬂﬂ?ﬂﬂ\iﬂﬂigﬂ'@‘ﬂ 5 “]Ji%ﬂ'li o

o w 1

Y A : Yo v
1. miizumuﬁﬂmm (Value) I@ﬂiﬂﬂﬁ]'lﬂﬂﬂ’ﬂﬂﬂl@ﬂﬂmﬂﬁnﬂ lqliJll’E]QSU’O\i@,ﬂﬂ1
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[ o Yy I KR a A v
2. MSUAAIANETIIAUAT (Value Stream) 3unuanuadliriuda danssulanaing
1 a [} Y Aa 1 d‘ o w A d‘ 1 o Y a 1
aua1 nanssulalunelfinaguar tleasadidananssud ldd 1dinagua1oonain
NIZUIUNS
9 Aa A Y Aa I [ 1 1 A
3. adwnszvaumseaanie Ivusmaduldludnyuzvesns Inasdreaeiiiosung
] 1 d' 1Y U a dyw o Y ]
n3zUIUMs Taems Inaednaeiiiosaztostunarigayalarlumswaa uensindideiln
a (Y] v A I S 1 { A a [
naMssenee Jaganasdudniiugud sreasnnugyaiiinannduiinngg
4. queINWABINIVEIgNA1 TaeldszuuRs (Pull System) Taomisudenudoans
Yougnifoundugurainan ludnbmzyod downstream [WOHAAAINAIUADINITVDIGNAT
a 1 a { A o o 14
9399 ananugla1nnmkaniinuANAeINs d3nanNdugaazANNFURUT V04
Ysunamsnaanuanudesmsliaeandesiu
@ L] 1 4 4 4
5. WAU19819ADIDY (Continuous Improvement) LWd’EJLLﬁ”NWM’JHJﬁSJ‘]J”ﬁmLL‘UU A8M3
TaUseaNnTNIMUeINILUIUMITE NI NTNIAINTZEZ1IA1 TAIN15111 Benchmark H3001330

U5z ANTNINVDINMINAAUUUAY F28 Balance Score Card tWo 1 aoandoafuaninuindoni

nlasulal danaasluninn 2-22

o _Pull___.

Generate Flow

Time

v

MNA 2-22 LUIAAVDINTHAALU LAY
2.2.4 1n50a0en 19 lunTZUIUMINAALUVAY (Lean Tools)
1n50950N 19 1UMINAAUIVAY (Lean Tools) ¥4 Green (2000) 1A% @Y Toolkit YOINT
Aa ~ A A 9 3 a o A A I
WNARLUUAU ﬁ'JU'i’JiJLﬂﬁfJQiJ’E]]l’J‘ﬂQ‘HiJﬂ 27 BUR uazmuumﬂ‘imuaaamﬂu 4 'ﬂ‘i%lfl‘ﬂﬁ?ﬂ
o dAy Y A a2 A

NaaWﬁm"l@mmﬂimuauuq o

1. 130l uii99m31m15 1va (Flow) 1Aun Pull Production Schedulingt3oKanban,
One piece Flow, 5s, Standard work, method sheet, Visual control, Total preventive maintenance,
Reliability maintenance, Preventive maintenance, Predictive maintenance

2. inFesilonyeldinannudangulunszuaums (Flexibility) 1Aun Set up reduction,

Mixed model production, Smoothed production, Cross Trained workforce
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3. 1n5eddioNana1lumsiian (Throughput rate) lALA Flow cell, Point of used
storage, Autonomation, Mistake Proofing, Self check Inspection, Successive check Inspection,
Line stop

A A Aq Yo ' 1 A . Y . .
4. 1n5elon lHiao819A0IlD (Continuous Improvement) 1&un Kaizen, Design of

Experiment, Root cause Analysis, Statistical process control, Team Based Problem Solving

AQULAA9 Lean Toolkit 1A NN 2-23

58

Point-of-Use Material

Design of Experiments

Setup Reduction

Pull Scheduling

Root Cause Analysis

Produce to Takt time

Cross-Trained Workers

Statistical Process
Control

Standard Work

Mistake-Proofing

Team-Based Problem
Solving

Methods Sheets

Autonomation

Lean “Kaizen™ Events

Flow Cells

Line Stop

Preventive Maintenance

Visual Controls

Self-Check Inspection

Predictive Maintenance

One-Piece Flow

Successive Check
Inspection

Reliability Centered
Maintenance

Mixed-Model
Production

Smoothed Production
Schedule

Total Productive
Maintenance

a A A 2
HNINN 2-23 YALATOINDUDIAU (Green,

2000)

o A an 9 A A = Ao 0 dy
2.2.4.1 MUNLAZITNS MHAToINUDIaY mm’a‘lﬂu

Y v

1. 5d. A A5URUA lumsguasnuNunURIANTVeN Lean MiaNuazela MuImns
o ] oy A A o vy = ]
1AMINI IFaziaad 19Tz UDYINUNNTHIU (Work place)  3jardiu limsuaasldifiu
= ' o s ) v I o vt =
aannuTdsela mssamsesans anwazen uazmsainlviduinasgiu drse3seseidion

Ao g o Ao Y
syusRuns i uvesnshiauing Useaenluare
A Ay "y 1 o w A A 19

d.1 a2an LenaIveIndednisuas luAeImseonIniu tazidadavesh lideans
2 42
Wueen lunnaouitug

v A Ao I 1 oa.l‘ Y (] A Y A v 1 =1

a2 dzaan sadsvesnsuiuwvaniuldegluanimiiazldauldedisiie uazi

Useansnn
@ A o Y A
.3 dzo1a dnaounmanlidsienndeandsn
A4 gUANYUE MIIANNUBITLAN ATAIN T21A BIAADALIAN
v 9
a5 ahwasudanyuzide Ugnilsdanarildegluiide dszwgdediagndesnin

AREBIGIRIT
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A 9 o I A Aa A o Y aa
waa N laa1nn1sai saadumsmindszansamlunisiiau azieveenunluinves
M3aanaIMsnInunanad, angiiame, aAaININIIUNT Change Over, NINI TULNLA DA
4
YoIntinau tazwiinuiaiusnlumsiannmshauuniy
a . £ g = v A ¥
2. MIaAaveINISIasuaIu (Set up Reduction) BINHUIGDINITIAATINAIUNT DU
A A 4 a 9 [ 1 4‘ [ dd‘B) A
Youn30INe gUnsal lunmskaavzlslunsaanaimsiauduniesins lunsaindeslasu
a A o o & A A o A quqy Y A
m3skannnHansuyinil llgdnnaasuainiialildnaniosiga
3. MINAA1ABDIIA1IATTIU (Production to Takt Time) ADMIAS NANAANITHIIU
Tasls2o2 3900915919714 (Cycle  Time) (M1AU Takt  Time 1A8A1A1MIY Takt Time
Y [
MfDIZEzNa1gNs lunszuIUMSs MIsAIgHananiIiuadeInan

Aas ° . A 1 ~ Qy I o ~ Y
ATN1TATUIM Takt Time ﬂﬂi%znmnm"li‘i/mm 1 Gﬁuﬂglﬁiﬂﬁﬂuim AUNYNNITSY

v
A A

o a Y Y o ]
Tﬂﬂﬂ1u3miﬂﬂ °lJill'lil!ﬂ'JuJG’]E]Qﬂ15€llﬂﬂgﬂﬂ'l(Customer Demand) Hagrammmanunuey

o I Y] o [
(Available time) Takt Time gﬂmwumﬂummzmmu Standard Work 9 UL321U9

9

a ua . [ 3 Ay o v 9 auva = )
Wﬂ;]‘UGlﬂ‘Ll(Operator Cycle Time) l‘]Ju!')ﬁTﬂﬁ“Villﬂ‘ﬂ@]ﬁNﬂTﬁﬁWWiUPjﬂj‘]UﬁQWUﬁHQﬂUWNWU

U

F4
U

o < Qy : a va a a
du5v 1 5u Teowilssevvesdlgianulszneulddie maan,  Aedsnu/aaau

(Load/Unload), 1azn15as29a@0l 50UNA1UDUATENINT AD NatszrIiuintfuians

v
1 a [

MUV UnIT0TNTRNNAaLaz alinTednIna UGN IMTJiiAIL

U

[ [ 1 a va J o a 1 o
Takt Time nJuﬁ@mummnmmiﬂgummummuuazmmﬁmmiﬁu?{ﬂmmamu

[ (%

! v Y ¥ o A 0 A P
LBUNU ﬂﬁllﬂﬁﬂizﬂﬂ‘ﬂﬂﬂﬂ ﬂ’JﬁJGl’ENﬂ"ITU’fNQﬂﬂW LLﬁ%L’JﬁWINWUVIiJ’G‘Q LUBDAINUABDINTTIUDN

Y 0

da o 4 . o . d
anan memmimam%mgrﬂaﬂu”lﬂ Takt Time 32nA I8 113 A9erunIsn 2-1

‘ Available Time
Takt Time = (2-1)
Customer Demand

A20819M15A1UIY Takt Time

naMsRIUReTY 8 ¥ Tuamidy 480 wiideTu audlenain 30 1 nakhaw
aze1a 10 W17 taz AIFsUQY 5 1H whAunaihnueTe 435 i gudae 60 1iuwiie
YOG 26,100 IU1d Ao TU W13A8ANNABINITVEINAT 450 Susetu §atu Takt

Y
Time (M0 58 IUINADFU
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8 1 Tua = 480 W
-30 WINIANN)
-10 WIN (NAMANNEz019)
-5 WIN(AINTTUNGY)
39U 435 NAMINUTINDNG
435 U7 x 60 = 26,100 EATRITI R )Y
26,100/450 Fudotu = 58 Suniidesu
Takt time = 58 BITRtn

4. NUWNITIVY (Standardize Work) ﬂizﬁw%waﬁgﬁﬂﬁunmﬁqﬂlumiv‘mmﬁmﬁu
VYOI UFINUAY, Ta9 HAZINT BTN ﬁyuﬁamia%’wamgmmmmiﬁmmﬁﬂi’u Tasmsadha
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Monthly Pr gdu;‘ iz ?ﬁ nthly |ivaiiabie Time=360 min/cy
Forec onire Fors V
, Weekly ;
Supplier rders Order Customer
Weakly .
lead Time=34 day 18,489 pcs/mam‘fr
TotalCycke Time=130 sec 4t s,
Total Work Time=l 30 sec 504( 6)}?07;1;6{?
; o
Produc tion £ir 52 4 es /oty
Supervisor (-6} 168 pes/day
i2 f:m?amers/ aiay
2500 i J‘fy D ,‘. . : Ship
g (D) 2000
ac fne Cin/Deburly oo | Fackage
o [B o [flmes 8]0 (6] 1o | ¢
Ci=d4 sec | eqy sas0| Lf=AUsec | F500 7] £V= & sec 2000 =00 ser | U000 T rois eee
050 i N -6) 1680 |Lladal min ] D00 i L= min L0=5 min
La=1003 pe [ ad=lEET b =000 b Lat= 1000 pe { o #= 1000 e
Avail=27, 600 A vaif =27 S5G0) 4 vai /=27 600 €€l 4 vail=27. 600 A vail =27 50¢8
Listime=57 % Lip Hme=09% i tirme = G005 Liptime=22% Uiptime=25%
5y o 7 4 4
45 sor 40 sac 5 soc 30 sac 10 sec

NN 2-25 Value Stream Mapclum%“u%umiwﬁﬂ
P o o a a va
2.2.5 sz Temin ldsunnmsihmseaauuuauligials
7 [ o A = a va . . ]
UsgTeminlasunnmsiiatmsvesdu TUuald (Kilpatrick, 2003) @mn5ous
9 I 1 A a A . a v . . .
aaﬂ”lmﬂu 3 nay Ao m‘iﬂ;]“]mﬂﬁ (Operatlonal) NISUINI59ANTT (Administrative) (AL NI

@ a J [y &% J o A
Usv1l5u%enagns (Strategic Improvement) Tuilagiiu nareeedng lalinsiiismsvesdu



33

k2

lUfiald lumsdsulemsdians dremanardosdulunmsdsulgelgiansves

1 qaj 1 3 Aa o A e A a [ [
nszUmniY ualuanuiilueedalinalszTow lusoamsusmistamsuazmslsvily
Aa s 9 [ dy
IFINAYNTONAY fane 1l

1. AumsUian1s 91nn15d1529909 NIST Manufacturing Extension Partnership 910

40 USTHNMINITMIV0I Lean TURITATY Ao

1.1 Lead Time anad’ld 90%

' 4
1.2 Productivity AU 50%
1.3 Work In Process Inventory aifiaid 80%
o
1.4 AUNIWATY 80%
Y v
1.5 m3le¥nunanag 75%
2. MUMIUTHITIAMS
' Y
2.1 anudanaialunszuIumsmdiioanad
9y a 9 " 1 a 1 v Yy Y a

2.2 @umsveamsuimsgna i Ideg Tnaiuninazsud ldninnszuaumsnan

2.3 M3lsnsza1n 1y officeanas

2.4 aaANABIM VeIt IUYRINInaIuaY, Taeliwinnuniieguadnsosum
o & yy 4
Fade launau

yJas . Qg)/ d' 1o o
2.5 193515 Out-Sourcing Tutunauh lidAgy

g

2.6 aAM3 Turn over YDIWIINAIUAL LAZHAN IAADAUNUMMTININUANA

q

e

Y

27 msadrumasgiuvesnui lddulaiwinoauidudunaaesau dunso
o o Y a
Mo lasa
3. sumsdSulsusenagns

o _Aad a vaqg Y o 1 ti! A a o a
1NNITUIITNITVUDN Lean ul‘IJ‘]J;]‘]JG]blGIf A108191 NN VSENHanaUnIalng

9 Y
Savmenaduiugiu Tasamnsoaananinin 14 Jumae 4 Ju uazlidudineadaniou

1 L= 1

danuibidesni 7 Ju M lRuSEnenInoen lavinduasumsuie Sulseiumsas

]
Y a 9 A S

a @ 1 1 v I o a 1 ' A
ﬁuﬂTﬂTﬂlu 10 U LL%%W%@QﬂTSﬁHﬂTﬁ@ﬂﬂ?T 7 U ﬂﬁ\‘]"]ﬁ’)LL”]J‘]JWLﬁHIﬂﬂlﬁﬂﬂﬂ%ﬁnﬂlﬂﬂ@ﬂ

o JAN YA y A 2 Y A 1a A o A a 1
10% U9371A1 Waa‘W‘ﬁTI]lﬂﬂGQﬂml‘WiJﬂlu 20% !,mz@lﬂﬂﬂ/lll@EJEJuﬂi]%E‘NGﬁE]LLU‘UWLﬁH IWHUU

~ o Y o Aa o A 19 Y Y] A 1 Y
9n30% i ldmai lsvesuTEnmiiy 40% Taeludeadramiinauiyg uazarlda1e Overhead

< VA dgl 9 Es = =Y 1 a v a3 1T A ) [l 9
cost ﬂ“lmwmuma Naﬂigiﬂ%uﬂﬂ‘Viu\‘i°Ui'hl'I/]ﬁ'liJ'liﬂ')N“UﬁUlﬂli'Jﬂ'J'll,ﬂiJ 119U ﬁ'\iWﬁi'ﬂ

Y
ANNYDINT 111a¥DAUIU(Cash Flow) AUUBEININ
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2.3 MIIAMIPMMNWUYY Six Sigma
2.3.1 Fannmsveansliulianszuiumsgsne

1 2 A a Y = Y o Y a A S o o '
lu“]ﬂ\iﬂ\‘lﬁﬂﬁii‘ﬂ‘ﬂF\l'luiJ'lﬂ’J'liJﬁliiyﬂ'l’)ﬂlﬁ]\‘lLT]ﬂIuIaEJ hlﬂ‘]/l'li'ﬂ‘ljﬁﬂi]llﬂWiLl"ll\‘]sUuﬂuﬁJEJ'N

Yy 9 a A Y} 9 ~ a Y o o A
[SIPNRTNE] GluQG]ﬁTHﬂiiiJﬂﬁWEW]‘L!E]ﬂmuE]iﬂﬂﬂ’JHJﬂTJ‘HL!1%1@L%ﬂ1u1ﬁ8ﬂ1iwﬁmm’3 ‘]Ji]i]ﬂ‘ﬂ

1 a [~} Y a Yo A
dudiuanueninsalumsuisiunaeo anuansalumsaadunulumswnaalidinga lao

]
a v =

A S o ' o Yy = ~ = ]
‘VINa@]ﬂmCVIﬂﬂﬂﬁﬂmﬂ'l‘i/\lﬂg‘lu53@Uﬂﬁﬂﬂ1W\1W@1ﬂM1ﬂ‘ﬂ’ﬁﬂ ﬂ'liﬂ')“lJﬂiJﬂillﬂ'lWi]\?hlﬂﬂﬁﬁl

an = @ a Ay a Y o w IS 1A @ Y <
st lumsdsulsanssuaunmsganandgeanlnanudiaaiued19de awaas iy

a

Y]

Vanmsdsvlgenszuirumagina lasmssanisaumnluasnen 2-1

M3199 2-1 ITAINTVBINITIANIIAUANIN (Snee, 2003)

Year (A.71.) Methodology
“Principle of Scientific Management”, Frederick
1910 Taylor
1920’s Shewhart Quality Control
1930 — 1940s Sampling Inspection
1950s Quality Circles
1960s Quality Assurance
1970 — 1980s Statistic Process Control
1980 — 1990s Total Quality Management, ISO 9000
1990 — 2000s Process Reengineering
1990 — 2000s Six Sigma

@ I a @ a o

NMIAIUANAMAINUDDSEx  Sigma ldgniaurauduiimsdanmsnaninlaguitn

. 3 9 o ) a wva 9}3 [ ~ Y o v A

Motorola Corporation (Tugtirlunsthunlgialsdwanaissen 8o guunumdidgne

Mikel Harry 11az Bob Galvin laneneuil5uilysnaninvesmsnaa Tagneremanuoude

a a { o &

nagauuslsau  (Variance) lunszuaumswanlidinadosnga aullszaunanuduss
Y a A o = Yy v 2
FIWT0AAAUNUNITNAN LLﬁmW?Jﬁgﬂ‘Uﬂ'J']iJWQW’OGl%GlWQﬂﬂnﬂﬂﬂlu

. . A ag @ ddy Jax aad
Six  Sigma ﬂﬂ’J‘ﬁﬂ"liGluﬂ"liﬁ]ﬂﬂﬁﬂiuﬂTWIﬂEJ?J‘W“L!j11!‘]J‘L!ﬂ1§1%’3‘ﬁﬂ"li‘l/l"lﬂﬁﬂ@]1/l

9
AaAav A 9

WuenugunTzLIUMS HnTesdonaianuaudlomsiinsizineananasnsauas
ad Y A g VA Y a
Fmsudilgminduszun  ifhwneeghsinvesilymivesanuulsisiu wazldidew

ANUHBYDINTLUIUMS iU F1M5UNa TUTZ82817 (Cherry 1182 Seshadri, 2000)
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i
) =

. [ Y < v J 1 ~ ..
Sigma (o) Wuonysnsn milu ﬂluﬁﬂHﬂllLﬂuﬁ'JUL‘Uﬂﬁlﬂuu’]@ﬁﬂWU(Standard Deviation)

v W =)

v E4 [
TuanunenNana szauvYeg Sigma ﬁq\iéﬁu’Jﬂf’)ﬂ31‘1]’f)x‘l"’llf’)\iLﬁﬂﬁaﬂaﬂlmﬁiﬂﬁgﬁ“ﬂ‘ﬁﬂ'lw

e

YoINTZUIUMINGITU MoldiduTAn@ (Normal Curve) Aduaaslunini 2-26

MNN 2-26 1duTA9AA (Normal Curve)

5uAuluneIITuN 20s Walter Shawhart @99 Three Sigma 31nALRAelUDAN
(% ] { a
NIZUIUMIABING HAZTiNA18MIATFIUNMTIA 1B Zero defects MTUITMIAIVANADAIN

A9 N1 TABUAAINITAIUANUDINTELIUMT IUYDUIUA Three Sigma 1NN 2-27

Lower Specification Limit

(LSL) Upper Specification Limit
USL]

Defects

Defects Ideal value

60 -50 -40 -30 (Ys) 30 4o 5¢ 6o

MUN 2-27 MinugunszuIumsneluvouwe Three Sigma

FEAVYBINIAIUANUBY Six Sigma INANINMIAUHUNTEVIUMIIUNTLIIIBY IUTAIN
' ] 9 U v
1ddeT AUNABVDINTZVIUNITIZIAABUAD  (Shift) oon U 2 Hevesaundeanves

A72UINMT 1HUILEZNN 1.5 o (Breyfogel, 2003) dananalunini 2-28
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NI}I'IITI al Distribution shifted 11'..51 )
<
Lind bt |

Lower Specification
(LSL) Upper Specification Limit

(USL)

Ideal value

66 56 40 30 (¥)) 3% 40 50 6o
d‘ a d‘ % 1 d‘
MWN 2-28 MINTLBLVVUNA LAZMIATOUAI0DNIINAURGY 1.5 C
{ @ { 1< @ a a
Tﬂﬂﬁixﬂﬂﬂmmw Sigma A HunnasianuaIsaveInIzUIUMINER H30MIUIMI

ALAAITZAVAI YD Sigma 1A TNN 2-29

800,000

700,000 4
600,000 4
501,350
500,000 4
400,000 4
308,770
300,000 4

200.000 4 158,687

Defective parts per million

. 66,810
100,000 - .

N 227505210 1350 233 32 34
0 A 3 T T

15 2 25 3 35 4 45 5 55 B
Sigma Quality Level

MW 2-29 TTAVABANING 1D Sigma
] [} ~ Yy I Y o =i =} 1 ~ 1Y) . 1
ﬂ')f’)fl']\ﬁ/lLlﬁﬂ\'inlﬁLﬁuﬂ'lwulﬂslfﬂmuﬁl‘Hﬂ']ﬁ!ﬂﬁfJ‘]JWIEJ‘Uﬂ'J'IiJ‘]JﬂWi@QVIﬁgﬂiJ Sigma 9114¢)

5 ANNAANA1A TUAITUN (Breyfogel itazame, 2001) iaaaluaisnan 2-2
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H a v W { A Ia { [ 1
19190 2- 2 uaAaalFINuUAITNHINNUNAA NTZAV Sigma 7199

FZA1 - s da oA
YR NNUNHA
Sigma
o ! = 9 o A & [
1 170 Mo Hantnnszay lumilsd@ariaay
) 1 d! 9 v A d! 1
2 25 Meerianinszay luniadontiaay
) 1 d! 9 v A d! 1
3 1.5 seriartnszay lumilsderiaay
o 1 9 v A = 1
4 1 #1919 30 Hunszay luriladoriuay
5 1 feoasyNIunilagn
) [ v A z Y <
6 1 Maeniadenrua luosdyavinadn
Fd ]
7 1 Msenisdonanualuiesayavuialnajialil

Y
%

@ [ J aa
MITANMIAUNINLUY Six  Sigma  gniauazszgna 19 lasldnnuinieada as
< a Aan a aa
Ysziguludaada nazlSuavod Six Sigma TuUUDIVOINIITDA (Anbari, 2004), 31l

o w =

Y94Six  Sigma 1ﬁlﬁ1ﬂ1ﬂﬂﬂﬂilﬂQIfJﬂ”Iﬁﬂ’J”IiJﬁﬂwmﬂﬁﬁﬂﬂﬂj”l 3.4 defects per million
opportunities (DPMO) N308AT1v0IANNAUT U 99.9999966% 1T Maevea Six sigma
Lﬂuszﬁ’UQmmwﬁL%’mmmm pazvnaueyayanuivedruilawenioluesdng
(Organizations) mﬂIuIa?J(Technology) ﬂﬁﬂﬁﬁa 113 (Operation) NTLUIUNTT(Process) LAY
1A59M3 (Project)1NN18 (Lucas, 2002).

AIIAMIAMUNINUUY Six  Sigma fnzﬁﬁyugmu1mﬂmﬂﬁﬂmma§§uaxﬁﬂﬂisumi
USul3an@unn (Han waslee, 2002) Taonauavesnnudn (Key Idea) fiul5uilyananm
1 5U5IUURINTTVIUMST Ao miaﬂdam‘ﬁ'mmummgm (Standard Deviation, O) %38
quéﬂawwmﬂigmumﬁamgﬂmmw%ﬁya 2 du Tagfa15uInsLuIuNT i

v v Jdo W {
ANUANNUTNU dauaaaluaunsn 2-2

(y,.Y »¥s---Y,) = fx,, X, , Xy 5...X,) (2-2)

B NITUIUNIT

(%

A
fl
Y, Ao aauls AUNIN (Dependent Variables)
A
fl

(%

3] GI’JLHJT’U’ENﬂﬁzU’Jumﬁ(Independent Variables)
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2.3.1 uuuirassmsudilynives Six Sigma

IBMIved Six  Sigma  ziudifinuaiiuIuveangAnssu  (Behavior) H30
Us1ngm3al (Phenomena) ttazazAniiuamnuui1aeamsuilaymi (Problem-Solving Model)
U84 Six Sigma — DMAIC U3z 11813984 TABUAAITUADUYDI DMAIC 6471

o w

1. Define M3 Inmsnannuvesvesilymiededanu inszuaums Ao
1.1 Tdddaanuuesgnduazanudonsueignai
1.2 Wannilymndinaaethvanewazrails
1.3 W ueUNY0INIzUIUMI TUIZAUGI
1.4 SWUNNUUIAZIRAINTNEINT
@ J .
1.5 WaunuuedIasamsiag ludalau (Milestone)
Tagiigaaring Ao
9 ~ A ] =
1.1 a3 RANOUNAIUMIY s guazo UTNeY 1A
1.2 NN veInIZUIUMI (Process Map)
1.3 seythmnendau
1.4 aaunuueaIngams (Project Plan)
2. Measure MIIANAVDINTLUIUMSNOATNADUNTZUIUMS INTLUIUMIAD
2.1 s vannuves “veuds (Defect)” laz=lona (Opportunity)”ias  11953A
(Metrics) A i@ s Critical- To-Quality (CTQ)
A a A <3 Ao QY a o & A a
22 Defect Ao ANUAANAIAYIO o2 lsnamunildinaasaaitag/mTemsusms
(] a
Tifulwmidoudna
Y < { o o ' g
2.3 Defect Opportunity Avtansal laqnamida laudradraTonasii i ludlu 'l
AT ANWADINITUDIGNAT
2.4 119539 (Metric) Ao DPOM (Defects per Million Opportunities) RS TR AR R

MYBITATIUANNAANAIAAD JoN AN

Defects
DPOM = " Opportunities X 1,000,000 (2-3)

o = 1 A A Y .

2.5 WAI5188288AT09NTLUIUMS IudIuiaen 13 (Appropriate Areas)
3 9 A @ o

2.6 INVVBYANATINVNINTIA

o a a { o
2.7 Wanlszansamasanszurumsniusingu
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Tasiigaianine Ao
2.1 adanasia (Metric) ¥®INTLUIUNT
Y 3 9
2.2 A9NUNUYDININUTDYA
1< v @ a o
2.3 Lﬂuizﬂumuuﬂym5’Nawmﬂizmumiﬂ%fguu (Current process signal level)
a J 4 09/'
3. Analyse M3zl uenidumegvesilynniug nszuiums Ao
o a A A g <
3.1 WannauyAgu (Hypothesis) “Niluveuiluma” (Casual)
o 3 Y Ao qYa ' .
3.2 wunINVedane “aunqanguesnilviinailymvua vy (Vital Few)
3.3 nenlFauyAgiuniimaiina (Validate hypothesis)
Tagligaarinneio
A q9
3.1 Lwa“lwwmmmmmmq (Root causes)
3.2 5211590359991 (Gap) taz Temaveans il
4. Improve Y511/59n5202UMs Iagf19Ado UNNTDIA1E NTZUIUMS Ao

4.1 Wannanuaanudlymuessinvesa g

'
=~ o

9 a d’dw d' [ 1 o 1
42 adwanuaaniidnemmidurigravesmsdsulyeimi ligmnisedl
=4
mafnEIMIdynm
{
43 afwnszuaumsud lvilymndluinasgiu (Standardize solution)
~ 9 [
4.4 wan 1annmIia (Measure results)
Tasiigaianing Ao
4.1 f‘iﬁﬁﬂmmmmmmﬁﬂﬂgm (Solution definition)
) Y .
42 wwuau ¥ (Implementation plan)
Y £ v Y a A
5. Control AIUANNIZUIUMS IH0gne]dveuvamsniugu uazilesiuderanaiad
a d? A
navulueuing nsEUIUNST AD
9 &% A A a a A
5.1 asununiananiuinasgruieaamulscansnn
52 JalszanTmnueanssUIuMIaEaneIleg
Y 3 = o & oA A Yo ] £y
5.3 waaslimrudeanusuiluedssasianszunilym lagndes
TagyA1aing Ao
A vad I a
5.1 M3Ufiianlu@s (Best Practices)

52 UszaAnTMNUeINszuIUMS (Process Capability)

A A Aq w o . .
232 Lﬂiem’aﬂﬁlﬂumi%ﬂmﬁﬂmmmm‘u Six Sigma
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2.3.2.1 3MINNADA
aa g as <3 o a sY
g uvo AU 9ITNITUBINMSINY WLaUe HagUNIeveya (Lehmann LIQZAMUS,
9 dy I 1 a 4 o
1998) ﬂ'lflﬁl@ﬂﬁz‘ﬂ')uﬂ?ﬁu%glﬂu1ﬂ3\3§1\1 (Framework) NINAUAFIAATLASUUUINADINN
a 4 ™) ax aa @ o3| 9y ' 9y
AUAAITAT Iﬂﬂﬂ?llﬂ[lu?ﬁﬂ']ﬁ‘ﬂ?ﬂﬁﬂ@ “U‘i/l‘um‘wam%zsﬂuﬂla@mamﬁmagi%ﬂ’Jmmjﬂﬁl
1 ] a J 1 I
Tuaw humdueu vazmsudilygmnademans lugilvesnnuiegilu (Probability) iaz

a

a o 1 .. ' ] a ‘i?’ A o3| a £ A
LLH?ﬂﬂﬂl@ﬂ@?!Lﬂﬁqu(Random Variation) mmhluLmu@ummmmaﬂ’nmﬂuﬁ]idwudmﬂﬂ
' a 3| o ' 1 v A g Y c’u’j
INNQUADYAITI(Actual Data  Set) 1iudrodravesnguradnsnilulylduaznadnsiiu
7 g ¥ QYY1 oA o s a & v
E]'lfﬂi]gUiiq@@ﬂigﬁﬂﬂ‘luﬁﬂ']uﬂ'ﬁmﬂGl‘ﬂll’]ﬂllﬂ LﬂfumfJ’Jﬂ‘]JGluﬁmuﬂﬁm‘mﬂmJumﬂﬁm

Y 3 ' 9 A a dg’ ) 1 a (=" 19 o o I
Llaﬂ\‘liﬁH’iu')'li]'lﬂsllf]i\laﬂlﬂ@ﬂluu'lulﬂ’(;fﬂ'ﬁwfl]'lim'lbllllWﬂ\iLlﬁﬂl@y’ﬁﬂlﬂﬂﬁjlaﬂ l,me\imuJu

U

]
= AaAa o

Y] 4 4 I o A a a S @ o
nadns lumadendugnerniluly1d Wufedadsnisneadamldinavunazdarinlg
Aa oA oA A a Y ' a 9 Ay ¥
aunsolsziiiuanuindedovesdenuaasldmuniveu  Tasmsnonsanludoyan 14
o I A A a dg’ a @ 1
duna Wudannavuassninaulsgy
o . . I~ 9 Y A A A " v A A
MIIANITAMUNINLVY Six Sigma 1un1552gnalsAToIU0NUANAINNY IATOINO
1 a’d a 4 a a
11Ma1NAD Statistical Process Chart (SPC) N5 AUATIEHUTLANTAINVOINTZUIUNIT Gauge
repeatability and reproducibility (Gauge R&R) (182 Design of Experiment (DOE) Tuwnensalee
IHnosiionaranuluilymiNuana1eiu 15U Failure Mode Effect Analysis (FMEA) W30
uwugﬁﬁ’nﬂm (Causes and Effect Diagram) (Emturk 8¢ Yazici, 2000)
[ 4
2.3.2.2 MITANMIOIANIUVY Six Sigma
@ . . [ A 1 v o @
MIIAMIAVMNLUY  Six Sigma 1Wuvnazdnuinnnszavduasuyeanslsuily
N52UIUNT 15U Total Quality Management (TQM) 4ta¢ Continuous Quality Improvement (CQI)
as . . A A A Hdqoa S o Y AU s = Y
A5N15904Six Sigma 1NN 1ATBINRN 1F AT IzHIzAUTRYaNgeTY Nianiu ) ignd nag
A, 4 < o 9
Usgneudlreiimsuaziaiesiie Tasensolewduaumsagy1dasil (Anbari, 2003)
Six sigma = TQM (or CQI) + Additional Data Analysis Tools + Stronger Customer Focus
+ Project Management + Financial Result (2-4)
° & . . Y Y o 1 =
MINIMITAMIAUNNUVY Six Sigma 1119011 Uszneudremsuuziiuazsawilelu
' ¥ A A an v % o
Yo uAeg1InIeqveuniesilo tazdsmad ldluesdnsauuuinisvesnisdsviga
Uszaniam vazfhvinegaiie e waslsh 1dmssuilgeedniivess d1iey (Breyfogle,
1999)
@ . . I a @ J o [
MIIAMIAUN MUV Six Sigma 1JUITNITYDINTIANTOIANTUALISVY d 115

4 @ @ a o J a @ y o
ﬂaEJ‘VI‘ﬁeUENﬂﬁ‘]Ji°1Jﬂiq\1ﬂi$‘U’J‘Llﬂ15llﬁ$WﬁJH1Nﬁ@]ﬂm"mm$ﬂ'li“]Jiﬂﬁ Iﬂﬁl@1ﬁ‘c’lﬂ’ﬂm%ﬁmu



o w

=Y aa a a P (% o
Y9IITMINNAdALaZITMINMIINemnans nassandasvedveudenieldmisiianiiu
Y99gNA1 (Linderman tazamy,  2003) Insfifinaiununinlaomuizidiniquasuinyo
] 1 [ 5 3|

Taonsa luanuae Cross Functionhlfvs]}uﬂﬂqu Green Belt, Black Belt, Master Black Belt ity
) a { | Y (% (% (% o w [ [} 4

puanumsauiuaui lidanuiausssy viguazdiaslvvesninaunnszanluesdans
Yo L A Y] A A 9 o a [

uaz 1dsuanusrvlonnwiinnunmerteslunszurumsaniduaruTasmamz luszauy

V51113 3 IAsead1eauT M5 veaiuau Six Sigma aaaaslunini 2-30

CEC I
T I gy CEO

o . . .
HENUWAYMT 51X 21gma Champion

14

| HaTHATH I" g

é%’lﬂﬂ’l‘i Six Sigma

Iaster Black Belt
< - Black Belt l N Wil I
-+ » Green Belt AN I

d‘ 9 a = . .
MNN 2-30 TASIa319UTHITVINLY Six Sigma (1nfa, 2546)
2.3.3 dalsgnoudAnuessSix Sigma (Key Elements of Six Sigma) 1/52noud1e 2
a7 (HanttagLee, 2002)
v
2.3.3.1 Cost of Poor Quality (COPQ) ADAUNUTZNINNINTTUIHNA B TZAL
[ ~ [ o = 1 Y ~ <3 Y o
mstamsfuanateiulyl naneds A ldseiamnsoueuriuld COPQ azgndiuimainms
k4 1
szymlFienauaszninnanssumstams ludalSuauag 1uwuievzannldane
' 09/’ o v 1 B a A kY A Qy =S A a F2 nQy
Ma1TY 081U ANAIY 2 AU AUNTaEINTaNandum 1d 10 ¥1 naunilanaald 5 Fu

T W <3 = a Qy ] dy Y 1 PR A
Gluiaunmnmﬂu Li"lﬂi]glﬁflﬂﬁwa@ulﬂ 5 ¥U*“ Five Pieces Loss” COPQ mmuhlmm ﬂTglGIﬁ]"IEJ‘VI
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dve910'11i D nrsihauIniRework) M3UHiasau (Reject) tAbIaq(Scrap) N15ATIIAOU
. [ v a o (% ISl Y
(Inspection) 118¥13511 521 U(Warranty) COPQ lunsinaz Juanaziimldaielszum 4-8%
9 ' Y1 a P [~ 1 A .

Yo35718 139w naza lgnelunanssuiines lumiv wuszezna1se Ui uu(Long Cycle times)
msnfasumlawny) myadeganimiiguauli©Over  Quality) msvududidedling
0 . < ' ' " Aa g

Avua(Late Delivery) 1iudu arldiromarinady  15-30 % voes1e1dsu Tagldngug

J :
QLTTHTLL%Q!L?T@Q{IQJW']GU@Qﬂ'igTJUUﬂTﬁ!!ﬁﬂQGLUﬂTWﬁ 2-31

Inspection

Warranty Scrap

Rejects

Engineering change orders " Lost sales

. Retraining
Long cycle times

Time value of money Late delivery
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Loop B2-Quality of Service lumsuimstiunmnIwueInszuIUmMsIziuegnugin
Aa £ Jdq Y a ~ Ay o o =
UYINIT cwmﬂ;ﬂﬁmmsmm”lumzmumimammm Workload UBIWUNIIUUNIN AN
P
o a A o o a 3
é’wmwummqﬁu ‘]JiS’JﬁVI‘ﬁﬂTWﬂ"IiTIN"Iu‘]J@Q‘WHﬂﬂuﬁﬂa\i ﬂmmwmmmﬂﬁ'mmsﬂ%
° YAy Yo a do Y= Y a o Yy = ya
A1 ﬂu"hrn”lm‘ummsﬂiugaqmﬂwmmiuu ﬂ?TNEﬁﬂWQW@iﬁ]ﬂl@ﬁﬂuqﬂJﬂ%gﬁﬂa\i Gl,‘Ll‘VIN
P

[ Y ° a <] a i
NAUAUAT Workload A189 AanIMYeIms 1HUTMINzATY ganmvesms IHusmsazdawa

A A

Tdnanuianelaesauld taziinanssnuaoANUUAFDNDVOINTSUIUMT HazadIwa 1N
Usinaau ldnazdnsuusms

d' A o d! d' d’ [ v 4 qgj 9 A

NAMNA 3-3 1az3-4 TawsnilanFounnuduiusng 2 919U99 Process Loop A9

$ I~ o ia A 1 3 @

Workload Gdﬁm,ﬂug{uaﬂmqﬁamwamm Operation Cycle Time Uag Quality of Service A4

uanalunini 3-5
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Patient's
t-satisfaction +

Trust of process

Perception of @ Treated patients

services +
+ ) .
Incoming Patients
B2
Q \L Patient in

Process Operation cycle

Tasks per patient 4 time
Quality of service A - *
- Tasks in

process

v

Workload

AN 3-5 HHURALETANAUASHAYDINTEVIUNTT Workload Loop
Workload 1&na1oifludintlsnén (Key Element) fivzefuienszuiumsmsIfusms
HAZNWOANT TUIFINATAVDINTSUIUMT iagdnFwaiiine Operation Cycle Time 1y Quality
of Service A LY ABINNANTLTT Workload AodulsAdunaeungdnssu
VOINTZUIUNS  ([Martinez-Mayanoltae Wadwa, 2001) ﬁ’qguuiamwhmﬁﬂz“l%’@%ma

NYANTTUUDINTZUIUNMTIZANUUNINTTUA1) AR Workload Adtaad TN INN3-6
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Patient's

/satisfaction +
+

Trust of process

R1 .
Perception of Q Treated patient

services + + 5
+ Incoming Patients +
Income
B2 N _
Quality of service PPatlent n
) rocess +
Tasks per patient Bl - .
perp 4+ _ Ability to Train
™ Tasks in Operapon cycle staffs
process 4 Uime
v
+
. Workload
Time to change J - Total staffs
inexperience t -
experience

Experienced staff
. . B R3
devoated to traipin
NN 3-6 LNUAIAAUNRAUAZHAVDINTZUIUNT Workload/Staff Loop (Martinez-
Mayanobtag Wadhwa,2001)
{ v o J a { ) a 1 o
NINN 3-6  LAAIANUTUNUTUOY Workload  11aZRINTTUNIZA N UNIUAD WU NI
I v o o a 1 ] a 9
(Staff) 1uanuduusvesanuamnsa lumsauiuuTeveaewiinay uaasdSnanau 14
Ay Yo o s 2 Y ' v B Y1 I
ldsumsnsiesapnaieauudr dawanesield  (Income) Feutlanuvuielainiu
anuamsanazgauduuToue wazanuamsaveswinaudwalig Workload  uazds
answalwFiuinae Operation Cycle Time {ta1& Quality of Service
3.3.2 mafunuasanainvedszuy (System Dynamics Modeling)
A < A o Y %
e Isanerviatduse v uNTANUF U U Morenottaz Ay (1999) lataue
nuusiaosueslsanernia 1aeldi3 Reduction technique¥3oSubsystem Modeling 1119ngH
o A 3 1 § R o
mMgninauved Isaneaduszuuges 3 szuuilanuduius i
1 { < o [ . < 1
szuudesn 1 uaauduuuudiaoinada (Dynamics Model) wodlsenenuialuaiu

o A Y Y Y o o 9 LA ' Y
sumﬂaauﬂ’wmsll‘wasum@ﬂwmmﬂmz‘uu muﬂimmﬂmzumaﬂmg 2 AIUAY
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nu Ao fihednluszuy uazmﬁmuqmwudaﬂﬁ 3 AEMIIANIURY IsWe1U1a (Hospital
Management)
'iz‘U“]JEJ'?JEJ‘ﬁ 2 L‘ldJ‘L!fhuﬂﬁfﬁjﬂm’ilfiémvﬁwmﬂiuigwj(Human Resource Management)
sevudesd 3 udunssanisvealsanenina (Hospital Management) Slumsusns

=

o A 1o o 4 [ Al A o a [ A
‘VIiWEﬂﬂi‘V]ll@Q%"Iﬂﬂ]lﬁliﬂxﬁﬂEj‘]J’JEJ‘VIiJTi‘U”]JiﬂTi aaaaalumni 3-7

Input
(Patient)
Input
(Contract) ¥
Dynamic model of the
hospital
Static model of > (Patient flow through
human resource hospital units)
A Subsystem 1
Subsystem P - Y
Control
. Output
Actions Interal system
variable
\ 4
Up date Hospital
Management
Output (Staff)

Subsystem 3

ﬂ]Wﬁ 3-7 LLUU%Taﬂ@‘U@ﬁIi@WﬂTHTa (Morenouazﬂmz, 1999)
[ U o I~ 1

Martinez-Mayano 1tagWadhwa (2001) l@sangquaaudlsveslsaneruiaeemiludiu
k4
NIMUA 5 AU (Sector) AR

9 a vAa . 9 a [}

1. ﬂﬁluﬂ'ﬁﬂ{]‘ﬂﬁﬂ'ﬁ (Operatlon) ‘]Jigﬂ’ﬂfﬂﬂ?fl HIATFTIUNTITUITHITIANITLUASNIT

ﬂg‘jﬁaqm (Administrative and operational standards) @N33901IW (Capacity) ARNINUBDING

THuss (Quality of Service) ﬂ’niJﬁllﬁ]ﬁ‘ll@WﬁWEJ”IﬂiLLaSLLiNﬂ! (Resource load Balance)
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[ P a Aa o Y] 4
2. MuFIN (Community) Ysznouale au'ly unndnsnedald vsvmlseiu Yoides

1egAMNUYOND (Reputation and trust) AMAINNIATU (Quality Perception), A11AN
¥
IS RE ALY

[ Y (A va Yy 19 Y A a -4 @

3. {lavA199 0941 H17A9I (Human factor) 1dun 1914 uT¥i1s uwnd wiinan
ANuguazinyz ANudwazusnszqu Mmousy Usinaauwazmsmuilsz@nsam uaz
JAUTITUIANS

a v 1 a a [ 4
4. UMY (Financial) 1AUA a0 1WAa0033uda GUNSNG
5. ulewnelumsisulganmsdutiuauaiegiiuae Insin1sKnowledge-Based
@ { o IS a Y o [
Innovation Projects Aataaalunini 3-8 wagsinnadrailununfananvesuuiiaeanain

VDITLUVYBINTZUIUNM TV T5anen1na uaaalunini 3-9

Operation Community
Satisfaction Service -
e Administrativ o Patients
e and o Referring Doctor
operational New Insights New Knowledge | ¢ Insurance co.
standards e Reputation and
e Capacity tI’USII.
e Quality of - e Qua |ty.
Servici Development Project Perception
e Resource load (Knowledge-Based Innovation) . Zrofessmnal
Balance S50¢.
e Change Programs Y
) e Administrative
Improvement

e Doctor’s involvement
e Intensity of projects

A

e Intelligence generation
Human Factor g g : -
Financial
o Administrative staff 2 2
e Doctors Synerg e Cash flow
e Skills&Knowledge Fundin o Inve§tm§3rjts
e Stress&Motivation ) g J Proflt_ablll_ty
e Training Capacity e Sustainability
e Workload & -
Productivity Recognition of Effort
e Culture

NN 3-8 LAUMNLEAIEINYTLNBVA19 YD 159N (Sector Diagram) (Martinez

Mayano g Wadhwa,2001)
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: 2 Cash on
Cash in hand Cash out
Potential Investment
in Capacity Income Variable
Total Number of operation costs
Procedures/quarter
Capacity
P - Unsatisfied
Unhappy Patignts patients
Patients \Total Number of
incoming patients / Patients Served bad word of
< Satisfied Word of Mount mount
2 ; ord of Moun
Completion of patients
pateints
Trust
Patients per unit Refering Net trust Change

capacity Net incsease in Doctors \_/4
referal Base

Trust Normal

Time for trust to
Effect of Trust breakdown

MNA 3-9 umﬁﬂﬁ’mﬂaﬂmmuuufﬁmmwa‘?@mmimmmﬂszmumﬂﬁ’u?mimm

T5anenu1a (Martinez-Mayano (a2 Wadhwa,2001)

3.4 Yoya0nlsaneninaniens
[ Y Y] 1 £ g 9 a
uHUNAIININIRTBUEN T5aneIad19618 Fully nndeyauelnsimsnnnupa
szuvdanmeamznssumsauwiuaudibouen unungiheuen Tsanennadiedia we.
=9 o a A o 1 1 ] Ao FI
2544 SLYVFINTVUIMIIDAGTUAE 3,000 318 Tagnuudasniens 19 Tsalduugieun
% a YR | Y [l 4 1 ] o
SuuTmsasae 1l wiuons1901gIMAAST 1,200 AU 18RI 1IARAOAIEAS 400-500 AU
1 a 1 4 [
NN TIAGA-UTIY 400-500 AU HUIWATID TIANNTIFAAAT 200-250 AY WY T3A

HIN1T9 200-250 AU MUY T3AINY 350-400 AU LAZHUIBATIVIAY AD YN 250-300 AL

Y
v v

a Y] o w a 4 Ao w 1 [ a
ANUUNITUINITOATINIGN VINTLIATUDULNNY LLaZWﬁﬂi%ﬂﬂﬂﬁ1ﬂiy’ﬂl§uﬁﬂﬂﬁﬂﬁ
nm Yo % a 9 YR 128 1 Y a A
vlllvlﬂ5‘1Jﬂ’313Jﬂ’ﬂiJﬁ$ﬂ’Jﬂsl,UﬂTii‘UUiﬂTﬁ TﬂEl’c’f%‘ﬂE)uﬂ’lWiJgﬁﬂhlﬁJW\iWﬂsli]ﬁ@ﬂﬁiﬁUiﬂﬁ‘ﬂ

9
wiheasialsadileuen wu souu Jduaeuun
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Y} Yy 9 o ' vq ¥ o A & A A A
NNPoyad AN Taneafioe 1d gz uuianunamedlunioslouiisa
K g A o 9 o ¥
Wedunens 3 nyIdIeuenveINUNT NI I8N
o I & PR Aa o
sevutanneg Wussvuvialuukundgihsuen na3xeorgsmansvodlsaneruia
@ 1 [ o [ v W J o d o
A19619 Taelid191a1M1nM352M 11991 7.00 U. — 12.00 W. Vo iuduns- Jugns uauan'ly
H LY [~ 4 LY Y]
A 600 Auao U Yaa1ns uduiuuwnd 25-30 auaeiu wazgwiinauilsznoudlenerua
Y v
drreneruia uazdhonzifiou 40 audeIu JuapumsMIOuAWNUA NG 3-13 Taguruns
o Yy 1 o [ 4 A o [ A ~ ()
wanineaz 1dihemnnounaisumsasrnnuunnd Uszum 30 Wi dmsudihei lides
] A va A o o Y1 A Y
ATIAIBMANNTBIURIANT tazdsznm 120 wndmsudihenasensrouazsonan
Y Aa wa A I A @ o v Aaqg YA 1 @
woulfiiams erunmstudumsasinine desiudldinandarnuvesnsasiesnm
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1. Suluianndihe Tasluiavzszynafitedounamadon uaznaiiez 185y
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msasnnunndnTzy 1A Senaudraumsiianing
2. aanzitou
3. Aunmuiuilseia
4. 50138n9579
1 Y Y v
¥NN2  TUADUNITATIVTABIINUNNG WadnmiTnauGonastaludunoui 4
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9 =
au'ldunalsanenuna
Checkin [® > Check in
\ 4
=
ANz U
\ 4
Lab v
Y 9 9
o ﬂumuﬂwumgaﬂu”lm
luiiLab
\ 4 \ 4
y
= Y 9
FOTUNIVINOINTIY | oooooooofo ] R
I59AN5ID
uludruvesiinau

y y

a 4 o
TOAILNNYANTIY UNNYNINITATID

A\ 4

A 4

Y
Mmmaianineasane 11

v 9
NA 3-10 mi"l:ﬁa611aQﬂu"lsﬁ’uazsﬁ'umuﬂﬁﬁnmﬁzuuﬂ’wma

NUUIAATIVIOAVILUVI 1IN TAVBITLUUVDINTTUIUNT IH VTN V0
T5anenv1a (Martinez-Mayano 1agWadhwa, 2001) Tun e 3-9 uazdoyavesmslnuims
voelsaneruiadledrs huadrudunuuiiaeanataveanszuiums Ui ves
T3amenna luTassadrams lnavesnu 1¥1aza1u (Patients/Tasks Flow Structure) Taaiiudi
ms Inavesan I undn Falianuduius sulSuaaudenuls F%unslnasw

[ I [ $ a 4 o o
(Co-Flow)duiilums lavesau'l4 1i@uals Workload FaviaunedalSunaraunmiinaudesin
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1 [ o A o Y . % 1 1 4 1 a {o &
dawagmIduiuau Hufeal5uee Cycle Time Fazdwanoiipnoliuanuidusa
nazaananen1s imaeenvednuly dwaasluaimis-1uazuanslaseasansdans
TsanenuiauaznsweIn13yana (Hospital Management/Human Resource Structure) 1IN

3-12

Patients in
=~ % P> Pprocess

#’Q
/ Infloﬁv Rate Outflow Rate

Incoming Patients

Avg.PIP to
tasks

Avg.Tasks/patient Tasks

\Eo/nyletion rate

Incoming Task

Total productive

staffs Workload .
Cycle Time
Workload Ratio
Normal Workload \ Effect of Workloa Initial cycle time

on Cycle time

MW 3-11 LUVFIA0INaTAV0ITZUVVDINTZUIUATUDA 15aNE11A Patients/Tasks Flow
Structure (Martinez-Mayano 18 Wadhwa, 2001)
MOTVIBVDAVUT1ADINATAUDITLUVUBINTLLIUNT 159NE1UNA Patients/Tasks Flow
=\ 9 I 9 [ o <
Structure  UM15 Inaveanu 1duTaseasandnvosuuuiiasd tazms wavesnuiluns
11a39u (Co-Flow) 891313 ladn (Inflow Rate) voaau 14 midulSuaundsvesnu l4ndn
o a Ay . - Y a 1 9
FUUTMT 1Az U (Incoming Tasks) WNAUBATINS MatazdTaanuaeauld lva
9 ~ = a ~ 1 1 a [l 1 A
Wl azay (Stock) N Tasks FTHunuNazauIzdInanelTuna Workload damaneiiiag
[l . L . o o . [
lig szezs0ua1 (Cycle Time) #3Cycle Time ziinaildauduie (Completion Rate) 3ifi1
A g = Y a A = A 9 ] @ . 1<
wnnsetes ¥ lddsnanunazauimslasuulasdreunuas Completion Rate

dawai1¥oas1ns lvasenlinisi)aounilas®ndie @10819U09 Feedback Loop fioglu
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HUVI1a04 Ao Cycle Time, Completion Rate, Tasks, Workload, Workload Ratio, Effect of

Workload on Cycle time (162 Cycle Time

Increase staff

Avg.time to get Providing Training

experince/staff

Total productive
staffs

\

Reduction in Staff
Training

Inexpereincs Experienceq

Experiented

New- hirin Staff Gaining Staff Staff moving to (Training)
g Experiance \' training function
Pressure to Quitting

<Total productive

reduce Stal staffs>

Total Staffs <&

Raito of Avg. «— Lenght of

Quarterly to Min Avg. Quarterly Employment
Reqd Profit 4#@

t /_\ Net income

Min. Reqd )
quarterly profit ) . Estimated
Adjustment time for Quarterly Profits
Quarterly Profits 4 Y Total Revenue Avg.Salary per staff
per month
Months Per
Quarter
) <Outflow Rate>
Baht/Patient

AN 3-12 LUV INATAYBITLUVYBINTTUIUMI VB T3 aMEN A Hospital
Management/Human Resource Structure (Martinez-Mayano L0
Wadhwa, 2001)

A10F VUV IADINAIAVOITLUVYDINTLUIUNITUDI ISIN81U1a Hospital
Management/Human Resource Structure ﬁmﬁ“hiammfﬁmmwﬁmmcluﬂizmumiﬁlumﬁ
Inandn Taeiinig navesiuiluddumaounisiidreminay lulaseadas Stock and Flow
wand msums lravesmiinau Yszneude 8asimsnesnumiinauInsi(New hiring) 92
naithgmsazavesniinauiida lifiuszeunisel (nexperience Staffs) 3zoz19m1M 3911914
vrdamalumsiiuszaunmsalldwinan Hunsazauvesminauiiilsaunisel

4 o @ 3 o a J @
(Experienced Staffs) llazszﬂglﬂﬁuﬂaﬂsll@\iﬂ'liﬂ'l\j']usll@\iwuﬂqquﬂﬂqﬁlﬁjlﬂﬂlﬂu@ﬂﬁ']ﬂ'ﬁ

E4
A v A

a199n  (Quitting) a4 11d98ns1nsdenuIni wenanildaliludiuvesanudeanis
winandilszansamlumsiamdiiug duls Experienced Staffs lnapan lw1msuiy
NNy 1Agn15RIN1TeUTY (Training) "l,‘ﬂ‘J’Jllﬁﬂﬁ@‘]JSN(Experienced Staff(Training)) Hag
1UIUVY Inexperienced Staffs TINAVINUIUUDIExperienced Staffs whiuminauiiannse
wananld (Total Productive Staffs) n3eRApawIsafiayia &1l FulSuaves

< 1 1 A o
Total Productive Staffs nazadnaneilsuia Workload ﬁ]wmw?aﬁhﬂmmmmm
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Patients/Tasks Structure 9199819994 Feedback Loop N1/51ngadlutunsiasd isuly Loop
U943 Experience Staffs Uszneudie Experienced Staff, Quitting, New hiring, Inexperienced
Staffs, Gaining Experienced wazdounduuni Experienced Staffs
3.5 nanlumsasaumsons luuudiass
o <A [y Py o [ 1
aumsonsinae Hersulumstimuasnsins maserinemsazay (Stock)luszuw
=& [ 9 [ I Y] ~Aq Yo [
(Forrester,1961) Favianmsadaumsonsuiuranmsnleni ) lunaiavesszuy aunse
o 4 o Y] I (] o Y
i lihlszgndldnisadrauuudiasanatalaiilueded uaasiteazidonla ail(Sterman,
2000)
1. Myeuaumsaulsazay (Stock)
@ 3 o 9 a [ a 4 A .
ausazauidumsaiiuin laems IEnalamssINAUNNANARTAT 130 Integration
I 1 @ @
Wumsazauseni199nsIng lmain(nflow Rate) 0azdnsIn5 1avon(Outflow Rate)
= % ds'
sUtvvveIaNMINanYaIE Al
flsazau(Stock) = INTEG(8931013 1Malin-8a31013 112900, A1Tud U082
wlsazauiionansuau) (3-1)
151 INTER(Inflow rate-Outflow rate,0)
= o Y 1 . IS 9
2. M3WenaumIfmlsims va (Flow)uazdussie(Auxiliary) amnsoden1a
A
naggiluuy As
Y] A tg ] I~ Y] 1
2.1 nanMmsuIuetutudadiu
o {3 ] v 1 @
aualsniluma = aawalsanenan * dunlsaumeg (3-2)
U Current Quality of Service = Quality of Service normal*Effect of Workload
On Quality
1 I [ 1
2.2 msanasesuludadiv
Y] { % ] 1 {
aulsntluwa = aunlsaung / dwlsnnenan (3-3)
1Y Workload ratio= Workload/Workload normal
2.3 nanmsdsvandngithmune
o {3 [ [ [
aaulsnduwa = dwlsaumg / aulsdsuna (3-4)
1 Gaining Experience = Inexperience staff / Avg. time to get experience/staff
2.4 HANMIVIN

dulsiidluwa = dunlsaung (D)+dunlsaunai) (3-5)
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1YW Total Productive staff = Experience staffs + Inexperience staffs
2.5 ¥anmMIaL
dulsiidluwa = dunlsaung (1)-dulsemaiQ) (3-6)
1B Net income = Total revenue-Total staff Cost
2.6 HANMINY
dulsiiluma = dunlsamg ()*Fulsamai) (3-7)
U Incoming tasks = Inflow rate * Avg.tasks/patient
2.7 NANMIINII
funlsidluwa = dunlsaung (1) / dualsaumai) (3-8)
1YW Workload = Tasks/Total productive staffs
2.8 wanm3l¥anilesnin (Fuzzy Min Function) lunsainiins Inavesdaulsivg
1 % 9 A v A g 13 o
WINN 1 §1 tazavansaondINlateenInudingy
dunlsifluna = MIN@Ewlsaume (1), 8 ulsaunagi) (3-9)
2.9 ¥anMs 1¥AIMUINNIT (Fuzzy Max Function) lunsainiinis lnauesdulsimeg
1 @ Y A o A 1 d o @ o 19 Y1 o a
11NN 161 wazgdesmsaendantiannniniudan vagilesiulildmdulsanay
dunlsifluna = MAX@Ewlsama (1) dulsaunai(2) (3-10)
[V A A [ I 4
2.10 wanmsuaaulou lulemamsilugud
dulsidluwa = Xipz@Ewlsemg (). Aulsaumai)(1)/Q2) viemiidesms
1o (2) =0) G-11)
(U Avg.tasks/patient = XIDZ (Avg.tasks/patient normal, Number of tasks/cell,
Avg.tasks/patient normal)
[ 9 A
2.11 vianmsasiadeu lulas (IF THEN ELSE)
fa)siiluma = IF THEN ELSE (9ou 1 assanudon 1y, liassnuitoulv) (-12)
1% No.Service Channel = IF THEN ELSE (Number of Tasks per cell=0,1,3)
2.12 NaNMI A5 Table Function
T4 umsadranudrasdlunsainanuduiusvesdinys i wdunssNonlinear
Relationship) 15192 141AT 0431095871 Table Function 13033 ud s Lookup
y = Effect XonY (3-13)

11® Effect X on Y = Table for Effect X on Y(x)



74

wag f Effect X on Y(X) = (X,,Y)),(X,,Y,)...(%Xn,Yn)
w1 Effect of workload on Quality = f effect of workload on Quality(Workload)
wag feffect workload on Quality=[(0,0)-(20,2)](0,1.2),(2,1.2),(4,1.17),..(20,0.15)

3.6 M3A3IVADUAINGNADIVDIVUS 1909
3.6.1 MIATIADUVANUYNABDIVDILLUS 104 (Sterman, 2000)
1] ] § o v o d 1
1. ANUADAAADINUYDINUIY (Unit) M3nsIvdeuneInuanuduiusvesriiely
qus
9 [ o 4‘ Y [
2. ANudeAnaoImNvan hensaivesllsunsy eaitndeunaulsnnaalu
o ~ gy 2~ D] v o < £ o ~
puuSeesiideIn Ims ldnugndesauran hensaivesTisunsy deda T sunsull
Y] a [ S 1Y £ a Y] ] < [
szuumstlosnuanuranaraaunan henseieguas Famnrananed llsunsunag I
@11150 Simulation ¥ TUsunsuvziMounazszy lundulshdananeg
a 3 J @ (%
3. INATAMST Integration HuMIazaunan19v098a3 15 IMadazdns1ms lvaeen
2 QSJ’ 1 a d‘ a dg’ 1 % d! |d' 2
AqtiumaNUAaNAIAINATUIZAINA TuAN Bz YBIMI A ANFITIngag a5 Stock
1 I a L a
4. M3aen a1 WurauINnMALANIS Integration Funalaluns Integration 11
o @ ] I a o a
suvdrasanadausia @ity 2 331dna fie Euler Integration 1Az Runge-Kutta Integration 35
3 axdo ' a3 = A Aan FY
VY Euler U3 nnudienaziid ualisnnuaaiamnaongs 535 lumsud luanw
A Y Y 1 Yy 9 £ 1 S Y 3
amamaoulianasla lngnmsanvuiavesranal liiaiesn Faninganaiiaitiosadn
i lianuaaawndouanadlllduiy  dIumatiaLUY Runge-Kutta Integration L3iuén
I
3.62 MINATOUANUMIDUITIVBWLUT 1004
A a o o < Y
MIinaaeuANIlouITIveuuuiiand laena 1 Wumsnageunnudeandes
FENINNDANTTUUDILVT1A0IANOANTTUVDITZ VLTI TagedensilSeuiiounadoya
Sy v ° Y] a a A A o A A o
nldnnuuuieewazdoyaluodnuosszuuais Tasiidou lymsduilumamiounu
A a o I A A a Y
minaNuriouasvesnuudasuiunuifafenzlsiliu - Forester (1961) 14
1 o { <3 [ Y
doreruounz 1331 “A correct model does not a valid model” unUS1EINgNABIN Ty
o { a 1 3 I o a
puuaenlmara HazeTueNANUTUHATUHAVEDUTIADINITIZTNITUIAINAIY
o % L Y s & =\ [ o
mingauveuuiiaed luiagilssmdalaiagiszasanialagmmiz Taslvaninum lunis
9
WITBN A9l

1. Jagilszasfveauusians
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Input Patients

Human Resource Dynamic Model
Human factor IRttty Operation
o Trgining ¢ Productivity
o Skills& e Cycle Time
Knowledge | »| © Quality of
e Workload Service
7y e Patient Flow
Subsystem 2

Subéystem 1

I A 4
Hospital Management

Development Project

o Implementation of Lean Six
Sigma policy

¢ Implementation of Lean
manufacturing

o Implementation of Six

Subsystem 3 Sigma quality management
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Key Elements

2 Dmnl
100 Dmnl
30 Min

2 Quality

Dmnl
Dmnl
Min
Quality

QO OO

o

0 6 12 18 24 30 36 42 48

Flow Rate Ratio : Current Run 1 1 1 1 1 1 Dmnl
Workload Ratio : Current Run > > > > > > Dmnl
Cycle Time : Current Run 3 3 3 3 3 3 3 Min
Quality of services : Current Run —# %4 % %4 %4 %4 7 Quality
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Workload Ratio 4101731 18 AAMNFUYINTINNINY —0.01 UAURAY Quality of Service AAOA

A1 IADIUNTANNITY 0.56

Normal Workloa
Effect of Workload on Cycle time
Workload Rati Cycle Time

Initial cycle time

MNA 5-2 LU mANF TS s ad s Cycle Time 1182 Workload Ratio
Cycle Time ﬁwamﬁgﬂﬁauuﬂquﬁﬂﬁinmmﬂ Initial Cycle Time uagEffect of
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Cycle Time&Workload Ratio
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Q0 Dmnl
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Month
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Normal Workload : Current Run %* %* %* %* tasks/(staff*day)
Workload Ratio : Current Run  —5 5 5 5 5 5- Dmnl
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aFuNeANUANNUTYRINGANTTUV0IAWU T TUn NN 5-3  1dunIIWN 4 Normal

Workload tiiaraniasuly) idunsiiiy tissnnminnuianuinye lumsiiaumunin
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Auumnliialdlunszuiums (Lean Run) nanslunini 5-4

Key Elements

2 Dmnl
100 Dmnl
30 Min

2 Quality i 1T T T

(WY
[HIN
[N
[N

Dmnl S 3 3 3

Dmnl

Min

Quallty > 2 2 > ya ya 2 2
0 6 12 18 24 30 36 42

Time (Month)

ololoNel

Flow Rate Ratio : Lean Run 1 T 1 T 1 T Dmnl
Workload Ratio : Lean Run —% > > > > > > Dmnl
Cycle Time : Lean Run 3 3 3 3 3 3 3 Min
Quality of services : Lean Run %4 % %4 % %4 % 2 Quality

MW 5-4 wAnssuvesimlsanainmsduiuu Tonerhszuumssaauuuauunilialy
TunszuaUMs (Lean Run)
a5 u1enTNgAnITHYeIA AN MINMIA UHUU Te1eTZUUMTHAALLLAUN
YAl Tunszuaums lunmi 5-2
a @ . Y A A T ] ~
1. WeANIINVaAl5Cycle Time tduns i 3 nlasunilaseglueaa 5-13 i sz
A1U99 Workload Ratio anasainmsigianuluaninilegiiu Aundeves Cycle Time aaon
FranafmmIsiassanumsainigy 12.8 1
a % . Y A v W ' 1 ]
2. NYANTINVRIAIT Workload Ratio tduns i 2 Usudregluyie 2-4 Tagluria
A A 1y "o o A = =< A = = o
30 1ADUUINNAIANUFUMNIND 0.136  LazanadnadnINAoui 30 DUADUN 48 UANFU
AU —0.08 A1 Workload Ratio 1n9® 3.99 1138 1%V8INormal Workload
a Y . Y ~ = a @
3. WOANTINYDIAMLS Flow Rate Ratio (Ui 1 Uwganssuvesamilinig

d' [~ ] ] d' :JI 1A d‘ =K A d' = d‘ 1 9 <
wasuuaadlu 4 99l 31990 1 dquaasu 1 duReuN 6 YonsiMsuasuulasneudnas,?
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A . v 9 1 A = A =K A A [ = 3 1
1199910 Cycle Time A8 ¥99 2 U 6 DuAUN 18 dasimsiasuudasdiasninlu
[ tﬂl . = Q' d?l 1 1 d‘ 1 1 d' egj A =
BTN 11199910 Cycle Time UAUNWUUNNTUFIN 1 Ao lULI9N 4 AuaRoU 18 D936
[ d‘ A dg} <3 [ 1 d‘ d' .
oaasmsasuudaunnvutazanauiinnlugien 1 1az2 He991n Cycle Time anaduas
[] d' [ d‘ A d' U d' [ 9 T o
%297 4 9931 3asuLlauTUAIN ARABVDIENIINT IHasonvyeInu 1y (M1AY 115.54 AU
ERE R
4. WYANTIUURIAILS Quality of Service Iimsnlasunilaslluneamaudony Flow
. a [ =\ d' ] I ] ] d' 3 (= d' =
Rate Ratio Woan3suvosdnilsiman/asuniasuuseanilu 4 529 5299 1 daustdoun 1 09
= ~ =y ~ 1 < 1 ~ qu (= ~ =S A ~ [
MouN 3 Uomsimsulasuni)ased1asiaiE 9N 2 dqua@eun 3 duApUN 18 BRSNS
A 1 9 A A a . . T W 1 1 A J A A
lasuutasneudienei JUSua Quality of Service (AU 0.8 ABXN 11BN 3 TEHNUADUN
=< A ~ A o = A 2 a o . A (A
18 DuouUN 36 Noasimsasuudaunuayudnase a1y Flow Rate Ratio Tiilasuuilag
A 2 T oA ' A ~ =< A ~ o A Aa g A o
NV HAZENN 4 FTHNUAOUN 36 DUADUN 48 BasImsiasuulasnanonasansea
T W 1 4 ] { o d 1w
Quality of Service {N1NY 1 ANy Quality of Service ARDATINIIAIADIUMITALNNY 0.9
Y
513 WHANTINYRIAMUTHANNY 4 A291nMIA UL Te11eMTHINITIANITADNIN

VY Six Sigma W1UUA1FlUNTZUIUMST (Six Sigma Run) taasluning 5-5

Key Elements
2 Dmnl
100 Dmnl
30 Min
5 Qua“ty //_?“?%?MJ . 3 . 54 -:54
T T
0 Dmnl
0 Dmnl
0 Min 2 2 2 2 2
0 Quality L
0 6 12 18 24 30 36 42 48
Month
Flow Rate Ratio : Six Sigma Run 1 1 1 1 1 1 Dmnl
Workload Ratio : Six Sigma Run > > > > > > Dmnl
Cycle Time : Six Sigma Run 3 3 3 3 3 3 3 Min
Quality of services : Six Sigma Run 2 2 % #* % 7 Quality

MNN 5-5 WOANIT TNV ITHANINMIANTUY To1181INITTANIAMANLLY Six

Sigma 1141132 VIUMI(Six Sigma Run)
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95118NnANI TNV THANINMIA TN ToU1I1ITNTNITIANIAA LY
Six Sigma ¥ uialFlunszurums Tunwis-s
a % . 9 A = A 1 1
1. WeAnIINUALs Cycle Time tduns i 3 Umsnlasuuilasedszning 17-22
= = a a A tg A Y = A A [
9 Taeions1msasuuilasueangans sunuAIUNNTUAUIUDUADUN 6 LAZHAIIN
A ~ ' A = 9 = = . Ao
woun 6 aevasuulasanainazios IA1RAEUDI Cycle Time AaOATZIZLIAINIADY
ADIUNIANINNY 21.8 YN
a @ . F) A A a oA
2. WYANTINYDIAILT Workload Ratio tauns 1A 20 aaasninmsmsifiaaulu
LY A v d' Q' d? ] (; 1 A [ A
anmilagiu Noasimslasuulaunivyuedwaiuane us3 120U N HAIIINADY
~ ~ 9 A A A o ' ' =
7 12090902 U 08UNBUAINNTLAD 1401909 Normal Workload AURA8Ued Workload
] o d 1w
Ratio #a9A%19N13912038D1UMTNNY 12.58 1130 27% W03 Normal Workload
b g . 9 A Aw ~ A
3. WOANTINUDIAIUS Flow Rate Ratio tduns1a 189as 1mslasuutaslunans
= v . A Q' dgl 1 c' ] = 4 v d' v =)
1R87111 Workload Ratio A9 tWuyUee19aiuaue 1u%19 24@0uusn uazdsualinanssay 1 1
ANABENTINS Inaoenuoinu 119101 99.4 Aunos T34
4. NYANIINUBIARMYT Quality of Service 1dUNT NN 4TisasIMslasuuaslylu
a =1 [ < A -4 1 ;
NANIUAEIN Flow Rate Ratio A9lUIZEE 3 1A0UNINITIANSI taziyIvogaiuaue
' A AR A A o A ~ < A ~ v o A A ' A
FTHIUADUN 3 DUADUN 24 LASHAIINADUN 24 DUADUN 4815VAIAINN 1.2 AURAe
'o 4 [ Y
Quality of Service AAOATZLLIAINTIAOIFADIUNITA NNV 1.13
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Key Elements

2 Dmnl
100 Dmnl
30 Min

2 Quality

Dmnl
Dmnl
Min
Quality 2 2 2 2 2 2

0 6 12 18 24 30 36 42 48

[eololoNe]

Flow Rate Ratio : Lean Six Sigma Run T 1 T 1 T Dmnl
Workload Ratio : Lean Six Sigma Run -5 > > > > > Dmnl
Cycle Time : Lean Six Sigma Run 3 3 3 3 3 3 Min
Quality of services : Lean Six Sigma Run % %4 % %4 % 7 Quality

MW 5-6 NoANs TNV sHanaINMIA UYL Te11811135M3 Lean Six Sigma 11
UfalHlunsguauns(Lean Six Sigma Run)
93N ANT TNV MY THANIAMIANHUU Te181135 M5 Lean Six Sigma 11/
Ugialdlunszuaumslunini 5-6
a @ . 9 A S A [ ] =
1. WYAnIsuUeeaIliCycle Time tduns 1N 3uMsnlasulasedlugie 5-15 win
A o A A dgl z VA 9 =K A A A = Y
Taglonsimsasunlaunnyuaaisuauauduaoun crazildsunlasanainaziiosau
1 d' A d' = A d‘ d' . 1w S d‘ .
ADYAIN IUIADUN 36 DIADUN 48 N Cycle Time MAU 12.30U19 ANRABUDYI Cycle Time
AaeArIIAINhMsdassaoIumsal dy 10.9 WA
a @ . Y A a A =} Y
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a v . Y A A v = '
3. WOANITNYeIALls Flow Rate Ratio taunitwin 1 Uoasimsnlasuuilaauii
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#2901 2 viaanaaeun 12 Huduldidasimsnlasumdauiissdniseiiameudusian 1
1/5152@1 Flow Rate Ratio 91 1.2 A 1na89a3103 lvassnvesau 14 117 audeun
a Y . . Y A = A v
4. WYANTINUOIAIMLT Quality of Service tduUNTIMN 4 WomsIMsasuluanbue

1 = @ . 1 1 ~ < 1 1 A 3 1A =® A A

1UIA8INY Flow Rate Ratio usinuamsilasuutlaaily 3 599 9299 18ua@ouusnduaoui
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Quality of Service N1NU 1.4 ﬂﬁllﬂaﬂ Quality of Service ﬂﬁ@ﬂ%’)\iﬂﬁ1ﬁ%’]ﬁ@\‘]ﬁﬂ’]ﬂﬂ’]ﬁﬂl
N 1.28
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anqniumlgialdlunszuiums Usingimnmstiaesaniumssineanuduiusue i

@ @ ¥ o J a o ) . a 4 1
uilswan 4 @aulstianuduiiug ) lufiemafeddu 19u fe Cycle Time H1Suaga o
Workload Ratio §1/31194/4 Flow Rate Ratio 61 1182 Quality of Service M@ usuiy aziilo
Workload Ratio Imstlasunilasnanas Cycle Time vziimsilasunlasnanad Flow Rate

1 . . S 1 A £ Ve o & 1 o Aq
Ratio (WNUU LAY Quality of Service NUAUNNNINVULFUNY AU ULLUT1a0INa AN 1% 1ums
o o ay o Aa v A o w o ¢ v
$1a09a0 UM I luIUITUATIN UANugnAsInaIieId I UIIadaIunIsalniala
o o vy 9
vouwanivua Ainedu
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5.2 ifSsunaudmsIanlsdszdivanuaansavesnszuiumsmalamsauiivulauenigg

MITANANTVBINTEVIUMITMI IR DTMIATTNIves Isanena lamruadiiana
13 3 udeiinaninluiden 4.2 Useneuaie

9 [ A
1. MUBATING 11ia Ao
1.1 5282501901 (Cycle Time)
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Cycle Time

40

ol =" T T 5 v s

0 6 12 18 24 30 36 42 48
Time (Month)

Cycle Time : Current Run 4 1 T 1 T 1 T 4 Min
Cycle Time : Lean Run > > > > > > > Min
Cycle Time : Six Sigma Run 3 3 3 3 3 3 3 Min
Cycle Time : Lean Six Sigma Run % %4 % %4 % #— Min

MNA 5-7 AVIAHANTA LU Cycle Time
95119031 YBIAIIANANIAUTUNIUYBINTZUIUMNT Cycle  Time  91NN13I1004
o’oaj { 1

A0 UM 4 uleue Tumni 5-7 wun

@uns i 1 Aemsdfianuluaninilagiiv (Current Run) imsulasunilaseglusia

[ H ] o 4 [ Y [ H
23-25 W11 UANRALAADATIINTTIAOIADIUNTAL AT 24.57 U VA ITeAVUATFIY
(Standard Deviation : SD) (M1 0.68 taWsandnymganssuueeaindslugig 12 hou
9 ° A & A = =2 A = 1 = .
4AMEVDINITTIABIADIUNIA ADALAABUT 37 DUADUTN 48 ANRAUDY Cycle Time
A 25.25 WA aUsuUUIATIN 190U 0.34
Y A A ) a = a vag Y =
duns i 2 Aemsiszuumsnaauuuanlialelunseuaums (Lean Run) U3
~ ' ' A A = 1 Ao S 1w ~
nasuuated1ueae 5-15 W Taundsnasny1wraIniasdaaIunIsel My 12.8 WIN
anaannmsliaaluanimilagiiu 47.9 % Ndrnudsanuumnasguming 2.52 iuanms
Ui luanmilegiu iiesnnnulevevesszuumssaauuvau tithmnelunsmy
8n31Ms Inavesnszuu anszeznamslfianuluanaunniga Taewiuaesismslva
WoInszUIUms uail laldnnudidalumsasnnuuilsdsiuvesnszuiumsnagiasan
a A a [} o d {

AnwmganssuinALvoluse 12 weugaineven1ssiaesanIunsal ALRALYDI Cycle
Time 101 10.15 W17 anasnnmadgiaanuluammnilagiiu Tuaanaudediu 59.8 %

v 4 1
AMdeUVUNIATFIMMIAY 053 aAAIIINFINTTELIANIHNA 1H9I91NWTNIIU

J dg' a wa 1o S 1 a wa o
1J'izﬁumamummuiumaﬂgumm LmENﬂ\‘lilﬂuﬂﬂﬂ’ﬂﬂTﬁ‘]J;]‘UﬁiuﬂﬂWWﬂi]ig“]Ju
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D) = A o _ax o . . a wagq Y
Wunsin 3 AemMIITMIMIIAMIAUMNLUY  Six  Sigma W RTATF 0
NTLUIUMS (Six Sigma Run) Umsnlasuuaseglurie 17-22 win Uaundenasniiauan
o Jd 1w Aa A o 1
$rapsanuMIalmny 21.8 N anasnnmydfianuluanmilegiiv 11.14% Naau
WeuUUATFIL A 0.93 1H0I91ANTIANITAMNINUDY Six  Sigma WUANMTAAAIN
1151591 U04MIA LU BIANIIMTIANSATING IMAVINTZUIUNT UASARHUNNIAY
a v ' o Jd : .
wpAnssuveiandslugi 12 Weugateovesmidiassaniunisal Aunasue Cycle Time
WA 21.4 WA anasmsliaauluaamilagiu 152 % dudsauunasgumin
0.05
iduns i 4 Aon51133mMs Lean Six Sigma n11Raldlunszuiums (Lean Six
. =\ A 1 1 a A A 1 o 4
Sigma Run) Umsulasunilaseglugie 5-15 1 IAundenasny1an1ssiasianiunisol
MY 109 WA asasninmyaniunuluganilegiiu 5557 % Udrudeuuuniaigiu
[ Y a LY A a ] o 4
Ry 1.87AnE Mg AN suUesdlsmuan lugg 12 weugaiiouesnissiassaniunisal
ANUNAYVDY Cycle Time 111U 7.88 WA anasninmsUfianuluanimilogiiv 68.71% tije
meunumsgiaanuluiegivlurieardernu dnudesauniasgiu minu 0.28
ieumeunganssuvesals Cycle Time AMIARHUUToV18A19 9 Turraa
{ o 4 { ] o
AAPATZOZIIAINSIA09aD UM TSl TUAIT1N 5-1  1AzFI9 12 1ADUFANIUDINITI1804
Pl ~
Founsal Tua13199 5-2
a = ~ ' A o . o A o
M3197 5-1 1S euieuanasvesd s Cycle Time 1NMIANHUU Towee 44 Towrg

Ao ¢ o A A, =2 A A
AADATTISLININNVIADIUNITYU AAADUN 1 D3 1ADUN 48

Avg.Cycle Time ACycle SD

(i) Time (%)
Current Run 24.57 - 0.68
Lean Run 12.8 -47.9 2.52
Six Sigma Run 21.8 -11.14 0.93
Lean Six Sigma Run 10.9 -55.57 1.87
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d‘ =) = 1 t:‘ £ . o a o’/’
MI19n 5-2 nssumeuaundevosaulls Cycle Time NNMIAUHUU Tou1en 4 U Te1e

' A 9 o ¢ o A A =2 A A
GlUGIf'N 12 lﬂ@uq@ﬂ'lﬂ"llﬂ\‘]ﬂ'ﬁﬁ]']a@\?ﬁﬂ']lxlﬂ'ﬁm AULAULADUN 37 DIADUN 48

Avg.Cycle Time | ACycle SD

(u1h) Time (%)
Current Run 25.25 - 0.34
Lean Run 10.15 -59.8 0.53
Six Sigma Run 21.4 -15.2 0.05
Lean Six Sigma Run 7.88 -68.71 0.28

a o Aaa A 1 Y] . @ A A 9 v 9 A
asueAlsNNanTnanea s Cycle Time tagduilsnnerves luivedn 5.1
1.1 dadudn31A13 1ma (Flow Rate Ratio)

F4
WYANITNVDIAT Flow Rate Ratio 91nMsAUHUU To11eM9 4 U louie taadlunin

=
N 5-8
Flow Rate Ratio
2
A e —— e S
1 * = 3 34 2 3428 & 29
0
0 6 12 18 24 30 36 42 48
Month
Flow Rate Ratio : Current Run T T T T T T Dmnl
Flow Rate Ratio : Lean Run — > > > > > > Dmnl
Flow Rate Ratio : Six Sigma Run 3 3 3 3 3 3 Dmnl
Flow Rate Ratio : Lean Six Sigma Run % %4 % %4 % 7~ Dmnl

MNN 5-8 A2IANANITAUI LAY Flow Rate Ratio

251195 1MA AN TA UL UNIUVDINTEUIUMST Flow Rate Ratio 910A15910049
c{qﬂll d' (% dy
aoumMsaing 4 uleune Tunnn 5-8 agil

v ' v Y
duns a1 msdiaanluaniwilagiv (Current Run) Hioasimsulasunauniniv
1 d‘ A o d' 4‘ = [ A (% T o
2819a97N UoasmsasundaaleMeununa1rnienusu (Slope) VoInsMNINY 0.0076

A Ao v = Ao o
Wﬁ@ﬂ@ﬁﬁ?ﬂ?ﬁqﬁaﬂﬂﬂﬂl@\iﬂuqﬂl (Outflow Rate) RAYNADATZYILIINININADIFTDIUNITN
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MU 25.6 AUARFI NG tazlionI1Mg laveanuld (Inflow Rate) 191100 120 AUAD
¥ T34
Y = o a = a vaq Y
dunsn 2 msiiszvumsHaauuuan 1UQalelunssuiunms  (Lean  Run)
A @ =1 d‘ I~ [ ] d‘ 2/’ 1A d’ = A d' A
wanssuvesanlsimsnasunauilu 4 92970 ¥299 1 deuai@oun 1 dufoun 6 Hoas
myasuudauioMeudunauniiy 0.13 929N 2 @ouUN 6  duAdUN 18 DAIINT
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asuudasdomeununaidiaann lugasn mny 0.023 1109910 Cycle Time YAUNUYY
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Sigma Run) Imsilasundaunuvueseainaue Tusie 24deunsnonsinmsiasuudas
d' =1 (% Y [ LY d' [ = d‘ [ Y 1w
WpMeuiUNa NN 0.04 tazlSUdInINTEdy 1 Iaunaedns1ms Inassnvssau ldimiiy
99.4 AUADF T4
9 A o Aax . . a wvagqg Y . .
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=y d' ] I~ 1 ] ~ 3 1A = A ~ =
Run) #9051 51asuntasuaeandly 2 929 ¥190 15202@a@ouusnDUADUN 12 U3
4 L2, . 4 A s e e .4
rlasuulaunvyvesianan oasimslasuulaalusMeunuIauNINY 0.085 ¥I9N 2
o A A I Y = A ~ Y A = o 1 A A o
naanmoun 12 Wudulimsnlasunlauissdosnaiomeudusian 1 19951013
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WasumlauloNeununaUNsNINDY 0 AUIAILLT Flow Rate Ratio A9NT 1.2 IA1unae
(% 9 1 =1
90313 Tvasenveanuly 117 Auaoun
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M3131 5-3 AURdEenIIMT Irasenvesau 14 amsauiuu Touea1enasarIuaI N

mMIsaesaaumal
Avg.Outflow Rate(Auses2119)
Current Run 25.6
Lean Run 115.54
Six Sigma Run 99.4
Lean Six Sigma Run 117

a
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Incoming Patients —— Inflow Rate

Adjustment Flow Rate

Flow Rate Ratio
Avg.PIP to tasks Outflow Rate

Completion rate

v
AAaa A 1

H 1% o 4 % %

MNA 5-9 LHUMNANUFUNUT VIR T NTDNTWano@ 1l Flow Rate Ratio
a [ v d % AnAa A [ % . @ ~
afueaNNFUNUT VIR NUONTHanDd 1T Flow Rate Ratio taz@usi
Me193 U1 5-9 Flow Rate Ratio W10 UdAa1UU039051013 1Maeen (Outflow Rate) ag
05105 Ianveaau'ld (Inflow Rate) Iagdniims Ivarin midudsruau landhsy
UTAIADTLIZIAIMINY 1aLdaTINT a lasudnsnannduls msdsudnsinig lva

. @ { o & . a

(Adjustment Flow Rate), AT INUNTUS (Completion Rate) uazdSuaau 9 lunszuiums
18Z91U (Avg.PIP to Tasks) LaZ®TUWBNTNAUBY Cycle Time N3A1 Outflow Rate A I

HEUMNANNFURUS Y d 5 lun Wi 5-10

Adjustment time for improving Flow rate
Avg.Tasks/patie Adjustment Flow Rat
Productivity Workforc
Patients in Proces
Avg.PIP to task Outflow Rate
(Tasks)
Tasks

Cycle Tim Completion rat

No.of Service Chanel

I
IS Y=

MU 5-10 URUNNANUTURUTUBIA 1 TNUBNTNAAD Outflow Rate

v J @ a A 1

DT UNUUNUNINANVTUNUTUDIA YT NIDNTNAND Outflow Rate IUAINN 5-81ae

A A g

v 9 1
MmWIzAMsHan Cycle Time 1UAOFlow Rate Ratio 93110%301083U0ENU Outflow Rate ¥4

a A

4 1
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Flow Rate Ratio 19818 11az3md1e m3dsulgedasims lvadreanuamnioveussnu
(Productivity Workforce), HAZSIUIUYIN WM IHUT S (No.of Service Channels)
4 Y (A va A
2. MUANNENIVRIHIN TR Ap
2.1 MINUHANAA (Productivity)
4 [
NOANTINUDIAMT Productivity 9 InMITANTUY Tov1899 4uToune taaaluniug 5-

11

Productivity

36 42 48

Productivity : Current Run 1 1 1 1 1 1 Dmnl
Productivity : Lean Run > > > > > > > Dmnl
Productivity : Six Sigma Run 3 3 3 3 3 3 3 Dmnl
Productivity : Lean Six Sigma Run yi yi yi %4 yi 7~ Dmnl

MAUN 5-11 A2IANAMITAUHUIU Productivity

v @ [

BTUINYANITTUVDIAIIANANTAUHUIUVDINTZUIUMNS Productivity 9INNTT1004
c{qﬂlj v dy
ADIUM TN 4 U1y ALY
1 H ' 4
duns i 1 msdgiaauluanmilagiiu (Current Run) Iimsulasunilauiiniunay
= A 2 A A A o
asn ey 1 DupoUT 48 NIAD 0.68
Y = o a = a vag Y =
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= A & = o = o A wa o =
Wasuulaunuvunazaanludnvazi@erdunsduiaanuluaninilegiiv Tasiinisg
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nasuilasyuavandesluriufoun 1 DuAoUN 24 LUATHAIINADUN 24 DUADUN 48
dd o
AINNTZAY 0.79

Y A o A [ . . a wvag 9 .
U IMN 3 NITUNITNITIANITAUNINIUUY Six Sigma manmiﬂumzmuma (Six

v
)

' 4
Sigma Run) Himanlaesuutas ) ludnvaz@ernmsdgiaauluanimilegiu Asmuiiuedis

3 =2 A A 1 A A v =2 A A o o AA o
FIAUTIVUDUADUN 1 LAZADYC) INUNALUDYIUDUADUN 36 UATHANINUUAINNTEAD 0.86
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3.1 AUNMNYDINTEVIUNT (Quality of Services)
Y
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71 5-14
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Workload Rati

Effect of Workload on Quali
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Total Staff
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Perception of Quality
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Net income
4M
o> S 4 2 o 2 ST 07
T T L I
0 T
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Net income : Current Run  —¢ 1 + 1 1 1 1 4 Baht
Net income : Lean Run > > > > > > > Baht
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10

11.

12.

13.

. Adjustment Flow Rate = DELAY 11(Productivity Workforce/"Avg.Tasks/patient",

Adjustment time for improving Flow rate, 0)

Units: Dmnl

. Adjustment time for improving Flow rate = 1

Units: Month

. Adjustment time for moving staff = 2

Units: Month

. Adjustment Time For Perception of Quality = 1

Units: Month

. Adjustment time for Quarterly Profits = 6

Units: Month

. Adjustment Flow Rate = DELAY 11(Productivity Workforce/" Avg.Tasks/patient",

Adjustment time for improving Flow rate, 0)

Units: Dmnl
. "Avg. Quarterly Profit" = INTEG (+Net Change in Quarterly Porfits, Estimated
Quarterly Profits)
Units: Baht
. Training per employee" =  Level Staff of Training/Total Staffs

Units: level/staff

. "Avg.PIP to tasks" = XIDZ(Patients in Process, Tasks, 0)

Units: patients/task

. "Avg.Salary per staff per month" = 8500

Units: Baht

"Avg.task/pateint normal" = 4

Units: tasks/patients

Avg.Tasks/patient" = XIDZ("Avg.task/pateint normal", Number of Tasks per
cell, "Avg.task/pateint normal")

Units: tasks/patients

"Avg.time to get experience/staff" =3

Units: Month

119



120

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25

"Baht/Patient" = 200

Units: Baht/patient

Cycle Time = Initial cycle time-(Takt Time*Effect of Workload on Cycle time)
Units: Min

desired Training Level = 0

Units: level/staff

Effect of Workload on Cycle time = Normal Workload-Workload Ratio
Units: Dmnl

Effect of Workload on Quality = f Effect of workload on Quality(Workload

Ratio)

Units: Dmnl

Estimated Quarterly Profits = Months Per Quarter*Net income

Units: Baht

Experienced Staff = INTEG (Gaining Experience-Quitting-Staff moving to

training function,12)
Units: staffs
"Experienced Staffs (Training)" = INTEG (Staff moving to training function,
Initial Staffs training)
Units: staffs
f effect of Total Productive staff to Productivity(
[(0,0)-(2,1)1,(0,0),(0.25,0.5),(0.5,0.6),(0.75,0.625),(1,0.6625),(1.25,0.75
),(1.5,0.82),(1.75,0.9),(2,1))

Units: Dmnl

Effect of workload on Quality(

[(0,0)-(100,1)],(0,1),(10,1),(20,0.97),(30,0.9),(40,0.87),(50,0.83),(60,0.8
),(70,0.712),(80,0.489),(90,0.3),(100,0.15))

Units: Dmnl
. FINAL TIME = 48

Units: Month

. Flow Rate Ratio = Outflow Rate/Inflow Rate



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

121

Units: Dmnl

fraction of experienced staff in Training = "Experienced Staffs (Training)"/Total
experienced staffs

Units: Dmnl

fraction of experienced staffs desired in training = 0
Units: Dmnl
Gaining Experience = Inexperience Staft/"Avg.time to get experience/staff"
Units: staffs/Month
Incoming Patients = 600
Units: patients/day
Incoming Task = Inflow Rate*"Avg.Tasks/patient"
Units: tasks/day/Month
Increase staff Providing Training = Staff moved to Training*pressure to increase
training staff*Perception of Quality
Units: staffs/Month
Inexperience Staff= INTEG (+New hiring-Gaining Experience, Initial Staffs
training)
Units: staffs
Inflow Rate = Incoming Patients
Units: patients/day/Month
Initial cycle time = 30
Units: Min
Initial Staffs training = 0
Units: staffs
INITIAL TIME = 0

Units: Month

Length of Employment = 50

Units: Month

Level Staff of Training = INTEG (Increase in Training benefits-Training Benefit

lost when staff leaves,0)
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39.

40.

41.

42.

43.

44,

45.

46.

47.

49.

49.

50.

Units: level
Adjustment Flow Rate = DELAY 11(Productivity
Workforce/" Avg.Tasks/patient", Adjustment time for

improving Flow rate, 0)

Units: Dmnl

Months Per Quarter = 3

Units: Month

Net Change in Quarterly Profits = (Estimated Quarterly Profits-"Avg. Quarterly

Profit")/Adjustment time for Quarterly Profits

Units: Baht/Month

Net income = Total Revenue-Total Staff Cost-Other Cost-Trainer Cost

Units: Baht

New hiring = Quitting*Pressure to reduce Staff

Units: staffs/Month

Adjustment Flow Rate = DELAY 11(Productivity
Workforce/" Avg.Tasks/patient", Adjustment time for
improving Flow rate, 0)

Units: Dmnl

Normal Workload = Incoming Patients/Total productive staffs

Units: tasks/day/staff

Number of Tasks per cell =0

Units: Dmnl

Other Cost = 50000

Units: Baht

Outflow Rate = Completion rate*"Avg.PIP to tasks"* Adjustment Flow Rate

Units: patients/(Month*day)

Patients in Process = INTEG (Inflow Rate-Outflow Rate,0)

Units: patients/day

Perception of Quality = DELAY 1(Quality of services*Productivity*Flow Rate

Ratio, Adjustment Time For Perception of Quality)
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52

53

54

55.

56.

57.

58.

59.

60.

123

Units: Quality
. pressure to increase training staff = f pressure to increase training staffs("Raito
of Avg. to Desired Level of Training")
Units: Dmnl
. Pressure to reduce Staff = WITH LOOKUP ("Raito of Avg. Quarterly to Min
Reqd",([(0,0)-(2,2)1,(0,0.2),(1,0.75),(2,1) ))
Units: Dmnl
. Pressure to Reduce Training Staff = WITH LOOKUP ("Raito of Avg. to
Desired Level of Training", ([(0,0)-
(2,2)1,(0,0),(1,0),(2,1) )
Units: Dmnl
. Productivity = (f effect of Total Productive staff to Productivity(Productivity
Workforce))
Units: Dmnl
Productivity Workforce = DELAY 11(Total Staffs/Total productive staffs, 1, 0)
Units: Dmnl
Quality of services = Effect of Workload on Quality*Quality Services
Normal*Productivity Workforce
Units: Quality
Quitting = Experienced Staff/(Length of Employment*Pressure to reduce Staff)
Units: staffs/Month
"Raito of Avg. Quarterly to Min Reqd" = "Avg. Quarterly Profit"/"Min. Reqd
quarterly profit"
Units: Dmnl
"Raito of Avg. to Desired Level of Training" = XIDZ(desired Training Level,
"Avg. Training per employee", 5)
Units: Dmnl
Reduction in Staff Training = "Experienced Staffs (Training)"*Pressure to
Reduce Training Staff/Adjustment time for

moving staff
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61

62

63.

64.

65.

66.

67.

68.

69.

70

71

72

4

Units: staffs/Month
. Staff Learning = "Experienced Staffs (Training)"*Trainer training
Productivity/Time for Learning to sink in

Units:level/month

. Staff moved to Training = Experienced Staff*(fraction of experienced staffs
desired in training-fraction of experienced staff in
Training)/Adjustment time for moving staff

Units: staffs/Month

Staff moving to training function = Increase staff Providing Training-Reduction

in Staff Training

Units: staffs/Month

Takt Time = Working hours/Incoming Task

Units: Min

Tasks = INTEG (+Incoming Task-Completion rate,0)

Units: tasks/day

Time for Learning to sink in = 2

Units: month

Total experienced staffs = Experienced Staffs +"Experienced Staffs (Training)"

Units: staffs

Total productive staffs = DELAY 1I(Experienced Staffs +Inexperienced Staffs,

6,12)

Units: staffs

Total Revenue = "Baht/Patient"*Outflow Rate*20
Units: Baht
. Total Staff Cost = "Avg.Salary per staff per month"*Total Stafts
Units: Baht
. Total Staffs = DELAY 11("Experienced Staffs (Training)"+Total productive

staffs, 1, 12)
Units: staffs

. Trainer Cost = Trainer training Productivity*Trainer Cost per level-



73.

74.

75.

76.

77.

78.

STEP(Trainer Cost per level*Trainer training Productivity, 1)

Units: baht

Trainer Cost per level = 10000

Units: bath/level/staff

Trainer training Productivity = 0

Units: level/staff

Training Benefit lost when staff leaves = 0
Units: level/month

Working hours = 300

Units: Min

Workload = Tasks/Total productive staffs
Units: tasks/day/staff

Workload Ratio = Workload/Normal Workload

Units: Dmnl
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