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ZA4: 2013.8, Int'l Conf. on Production Research(Z 7| %|)

CHALLENGES FOR SUSTAINABLE OPERATIONS SLENOTRATICHAL CONERUENCE

ON PRODUCTION RESEARCH
ICPR 22

Papers

Title Area

UNIVER SINDUSTRY RELCATION OR TINUVATING AND qULU RATY TG R UNS FRUN ECMog”
CONDITION BASED MAINTENANCE IN MANUFACTURING INDUSTRIES: INTRODUCING CURRENT INDUSTRIAL PRACTICE AND = Production
URBAN PRODUCTION TO ADVANCE THE COMPETITIVENESS OF INDUSTRIAL ENTERPRISES Operations
PETRINET BASED ALGORITHM FOR THE RESOURCE CONSTRAINED PROJECT SCHEDULING PROBLEM (RCPSP): AREALL = Systems M
THE APPROACH OF RISK MANAGEMENT IN THE QUALITY MANAGEMENT SYSTEM OF AEROSPACE INDUSTRY SUPPLY Ct = Quality anc

INDUSTRIAL ECOLOGY AS A TOOL IN THE PURSUIT OF CORPORATE SUSTAINABILITY: AN ANALYSIS OF ECO-INDUSTRI® = Quality, En

A KANBAN SYSTEM IMPLEMENTATION PROPOSAL: A BRAZILIAN INDUSTRY CASE STUDY Production
INDUSTRY 4.0 — MANUFACTURING WORK OF THE FUTURE - SURVEY RESULTS Production |
AN ANALYSIS OF INDUSTRIAL NETWORKS FOR REMANUFACTURING IN BRAZIL Production i
EXPLOTATION-OPTIMIZED TECHNOLOGY DEVELOPMENT - ACCESSING THE CROSS-INDUSTRIAL POTENTIAL OF TECHNOI = Technolog!
INDUSTRIAL CLUSTER DEVELOPMENT: EXAMINING THE IMPACT OF CSR IN INDONESIA Quality, En v

T

industrie

Area:

\
Word:
indust | title v |

_ ICPR20138}3| WHEl 400 HME =2 3 Industryd.02 Q33 SUS =2

ENGINEERING KOREA SMART FACTORY
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Ol Industrie 4.0 ? CTA| 2 g XI=

Towards Industry 4.0

Cooperation within social networks

First
programmable
controller

»Modicon 084« 1969

Ford assembly line
Beginning 20th century

First weaving

>
loom 1784 Z
Q2
Q
£
it O
: 10
| End of 18th century | Beginning 20th century I Beginning 1970 |today
1 1
Work instruction I workers’ participation | cooperation
1 1
Processes starr : flexible : adaptive in real-time
1 1
Resources based on prediction : consumption : order related

~ Fraunhofer

3657 ENGINEERING (=3 KOREA SMART FACTORY
Y e " (<53 FOUNDATION
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Industrie 4.0 EF H|A (5o| Q%
]

o 20114H4% st AtdHEEES|(Hannover Fair)O|A| 2| X2 S%tol 0.

« 20123 10E ‘Working Group on Industry 4.0'0| Industry 4.0 4! ¢d

= flet MAME &8, SLHLEF S5t xi = E.

« 201343 8Y St 4HiutEte|(Hannover Fair)of| M O]2{gt L& 0|
FQo| 71 Melo 2 JUY, BEH.
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Industrie 4.0 EHH H|ZAE (=do] AUE
.
« 7|=9| tH3}: Cyber Physical System(C|X|& E &), L},
2ctfE, 2X H|E2 217te| 1/10 ...

-« ¢M{= 2T 2 HEX|T 2014 = ‘Ho|H| 2O’ MICHe| 2E|(H S S
VWALS| 2 & 2 =X}2| 30%7} 20'H O|Liof 2E)

- Yo == CIX[E At C|X|E ZH|2| AlCH, 2Lt
Sgeolo| = S22 C|X|E AlcHof cijsh Ciy| O] &
(2002'7 S o] HYF2 FEL| 2x})

« 2035HZ2 M1CHA| 3 RAHE’E XM Sl ‘acatech
4.0 T2 ]2Mo| =2 7|
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L. FOUNDATION

7%
EO



Industrie 4.0 (Wikipedia)

-
« 71 EH o Mg XSl R H=V|g's SEos To.
WA= CPS, IoT, IoSE &5t £7I7HX| & FEdI=
BE=E 8 7leS XEols U280 = Fo ALt

o OFO-IA'|E|:|

=V1&E0o-

— Cyber Physical System(Embedded System, Virtual Twin,...):
Al =|o]4

— Internet of Things(0j|: RFID, Ubiquitous Computing,...):
ArZ QIE{H

— Internet of Services(0j: ERP. MES, SCM, PLM, Cloud...):
MHE AMH|A

KR KOREA SMART FACTORY
- &3 FOUNDATION



Industrie 4.0 1} Smart Factory 2| &7

© AXt MEHF2 0| HYS 'mESH= H[TO|C) 2030 Fofl= RE
E

20| A0fESE AOLE S (Sm

Q

rt Product, Process, Operation,

Transportation, ...)0]| 7}5¢ Zdo 2 oMl & N Sr=d N ES
Aol chHE it 71F0f SaToh( ZHAH T BEAL).

Elm

K % KOREA SMART FACTORY
3 (<3 FOUNDATION
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Google Index: gt=,
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oA #48k 4K} AQIS{H

| Xt: 19381444, 197141 MAI AR EY &2 .
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£210| ‘Industrie 4.0’ X0t} 0|Z 2 H|X £&
E =

. ..200814 Su7| 22 28 97| 0|F ..EUS B
oAl B2 YRl ‘REY0| ... A 1 ELo?
. 02, YR SE HZYOE 8|7 SO|X|¢
swaol ZRE ‘ST HE 2025’ TEIW K4
. ZZols 2 M0 29 B PR FALE...

FHE=..

+ E=2 X271 S8 Ol

Overview of Digital Manufacturing
High-tech Strategy

Industry Revival Plan n

= Projects for the future “Indusirie 4.0" and « Restructuring Industry structure
“Smart Services War|dF

Initiatives across Europe

EU-level Initiatives
~ Application PPPs: FoF, SPIRE
- 14MS

» Smart Anything Everywhere
» ICT PPPs

Multi-region Initiatives
» Vanguard

- Formation of a "National Network for
Manufacturing Innovation”

= Research Center "Digital Manufacturing
and Design Innovation™

- Focus on IT integration in industrial
processes —
= Energy efficiency legislation > Usine du Futor

5 CONNECT, Ut 43, ML
ENGINEERING KOREA SMART FACTORY

FOUNDATION




Industrie 4.0 ? : 3X} AFHTIH* 2 . F|29| 7| Al A|CH** ?

ﬁ

« HSIO| A|CH:

@ airbnb
UBER

o e

*0,* AlphaGo
Google

You( [T

2005.24 &, 2006.12 $1.65B

’

amazon

:Q:——

- ’(‘azoni‘ 65'$i75 Minir:?n 7
e The.Deal-
s That Shocked,

HBOtCS

< D *)X-" E’1D| ElEiI’ b
El{ ENGINEERING E KOREA SMART FACTORY
ety FOUNDATION

&) oculus

2012448, 20143 $2.3B

15



=Xt

16

| KOREA SMART FACTORY

L. FOUNDATION



19514 14 & 28
(19514 EcIX ARITE T8,
Max Desfor of Associated Press,

“Flight of Refugees Across
Wrecked Bridge in Korea™ )
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A 2XF M A

9
s

CHoH (MR =57|7|28, 1770 AL )= QI ASX| T
A P

1770~1820/40M 7} X| 2] 7|7+ ‘1At ArASE 7|2l X tC}.

EA| AX|7|E 7}El £...1856 Bessemer Process A|ZHE| 11
1870 ~1914E 77} X| 9] A|7|E 2Kk} AHAHSEEH 7|20 &I SHC}.
Ol .Hjo|/de| X|&... ZHAN =, [T, =tehitd, ...

dAHFo|gt=E 8017t 2E| AHEE[7| AlEet A2
1881'43 EQIH| W2| A2|= Z= O|F8H...

A%t MUHH? LISO|E 1A SUX|E B REAK .
A+H, 2HY, 2R E, |4 0]H, IoT, IoS, ¢!
InnovationO| X|= |11 QIC}.
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MAIXI =2t Aol S5
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A % 88 74 55 otzg|7} [15% ofAlo} HZ2=2olg 2|7} k.
[ EE E - &5 ofza|3t [[T]SH ofAlo} 2t elof 2|7}
s +d Mg ofAot 15 ofAlo} | 2 Hjojo}
2{Alotet F=H It
. 14507, 1500447, 15504 24, 1600 Z, 165044 2, 17004
. 17507, 180047, 1850 4, 1900 Z, 195044 Z, 2000
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ZHA|ZO| W=

¥p% ENG3
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o=? =l AQHl(Ericson), Y=(ARM), O|Ej2|(Arduino), ...
O|=? Apple(app), google(youtube..), facebook(oculus),
amazon(kiva),..
A=? QLIEE, AT EH3(ARM), EQE}, AL|, O|XH|A|, ...
=7 Y2 Hidl, AF0|, 2f9fo], HIM E, HIO| &, Gree...
(0| = W 1= Fortune global 10C 7| & 2,3,421?)
Google Trends(at# 5H7H

Panasonic Samung Google A_Il.baba
L T )
Sony Hyundai Apple Huawei
. — Xiaomi
Uniglo LG Facebook .
.. A M Wl e -.li AT e
Softhank Zara airbnb uber
pat
- "_Af

- | KOREA SMART FACTORY
L. FOUNDATION

25



x
=

0| A|Zt, Al 7|90} Bt}

7%
EO

ZEY = 15913 HY|x|ofe] = F =MAQl of2 M| Hef(Arsenale) 2
BE o|2| W2 A7} AL
- FIE F U E HoiL 30 A UHE = A=
- EAMAA O EEE s = A=7R
I (oar)StLIof| A T = e FEH2?

Ciet2l=0 A 2CHarstel = Yar 1X
H|2 2 AZEE do|ct.

-
e
JOI-
oH
rlo
-
Co)
|
o
im
L2
=]
ot

Zx{o| A|ZH0| TR3FCL.

et ALRE Ol IQet £ ZE2 MA| Z|n +F0[X|2 Xzk AZH=E =X
€ 7|=0| QiCHAXL2X}E3K}; ArHEap 2 E..)

| KOREA SMART FACTORY
L. FOUNDATION

26



O|=: 22X L4 E7] HIZE] A LR EjS0l7

« Cotton Gin(Eli Whitney, 1793)

* 10A|ZF 23| OF HIN S HOLY
lut2 E HHoHE 20| ofFof

25.u|--.._-E 4

- 18301 75T Balely £10{| Af
1850 0f| = 2852t Bale A At

+ X207t G5 EOo| 285 £l1 E= HHY EE

- B, Bk 9 MAUS| HEE O|0|R(ZHEL] T ML 7= Ef S 7I:
Bessemer Process, 1855)

g=Hd 0| CiFATHE L 208(1869'H)
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7| # OfL|3t 7hY, SE,
B, WEI| 5 S0l galXel BaE WRE ok
BE AAHO Mg 7ts.

Peter DruckerZ2 Zx| 12| AlS| HEfStXl(Socio-ecologist)= Taylor
£ DarwinO|L} Freud?} Z2 £=F90| Alg2to 2 A= 1K} CHA THA|
°

=
0| 22| $lojLt WA 532 22

2{™ Tayloro| O}0|C|0| & gz
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Volvo Truck, Kuka Robotics, Osram..
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Maslow’s Hierarchy of Human Needs(1970)
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Ministry of Trade, Mizis‘tr‘r of SMEs
U Industry and Energy ’ and Startups

Partcipating KITECH Tl AR =7
® Fa Korean Agency for
w ‘:3 K c c I PIERMIIEYTH KgTI Korsa Floctronics Technolagy institata O Technology and Standards

PEnmsunce @D HYUNDAL  KALS” [
kPceaueser  SBCSZa47iumgae  KOEMIG
O vzwwspums KBIZZ271%3%2 KSA #58ks,
stipportiers
m JdE® @@HvunoAal posco AHYUNDAI
aLOWILN pie
LG DOOSAN i
SK kt O Hanwha
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,,f”'r-_-- = e ""},x"' =
/ Industry Internet of Services(IIoS) \
1 BigData J v J 5 =aece
2 CPS . - =l 6 ofuix Hz
i ¥ EShes .
eV B 2> 1 = 8 ‘ I
T Cyber-Physical \ —
Production Systems
= A x

Z2tE 7|8k 10S, IloT, CPPS / Smart Plug & Working Engine Model

NS FZHEEagyoy
NATIONAL STANDARD COORDINATOR
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533 ADLE BEO| £F 18

Level Description Technology
D=5t loT & CPS based Intelligent and Flexible Manufacturing njaol 7|4
(Not yet) System. — o=
=715 AESI= 7|Y 3 2119 XS5 ADE 5 7Y =&
o= (5 SiemensAtel Amberg3 &, ZEEHE Z4& U 229
(Optimized) = = oA
71 o) 71& 7|=
*)ERP,PLM,
=71 Y o —_ MES,APS,
I~ — i I~ —' . .
(Controlled) S22t 7|=9| S7t 4+ Simulation,
Virtual Mfg.

1= MH|Qt ZTEMATIAS HZAZ T ADE EO 2 AMg} oot
(Connected)| 7ts
ot |+ % CAD/CAM AIESHRIZH @1 0] oF 50f i A, 4R

*)ERP: Enterprise Resource Planning, PLM: Product Life-cycle Management,
MES: Manufacturing Execution System, APS: Advance Planning and Scheduling
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Saehan Vacuum Heat Treatment Co

(http://heattreatment.co.kr/):

1. First year saving of electricity cost
exceeded initial investment

2. Reduction of defects by 67%

#5808 ENGINEERING Exona SMART FACTORY
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202 £ Ol
Uxiz] 2% 45%

Revenue 4% up, Productivity 7% up,
Reduced defect 80%, New jobs 45

Frontec, Inc.

(http://e- ; rass b ey 1 ' & =3 = (=] = = E
frontec.co.kr/) [N Ly BSRG[N

_U:F ‘ | KOREA SMART FACTORY
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Implementation of Integrated Smart Factory

" Medium-sized automotive
Flexible production, IoT - CPS, Big data, Al

piston producing company

Before

" Ranked 1st in Korea marke

share (4™ in the world) = Connected

------ " Optimized
® Mass production system for specific :
product ® Mass customization system for multi-
""" roduct
= Real-time monitoring system for separate p. - N
manufacturing process » Digital synchronization of Actual factory and
virtual factory using IoT and CPS

Productivity 43% increased = Control automation for casting and processil

= Intelligent control automation based on big
data

9 million increased

-] N

Defective rate 74% decreased

1.92/million
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MES Solution (DABOM - MES)

« It integrates 4M (Man, Machine, Material, Method)
information of production resources with M2M
technology of wired and wireless sensor.

 Applies Web service standard MES application
technology to enable real-time central management
of multiple plants scattered around the global.

DBWizard Manager

Point Manager

Middleware
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System Configuration(To-Be)

TCP/IP
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== Real time SPC system by, _
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System Configuration(As-Is)

TCP/IP
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Vendor Information

Die casting expert for electronics and motors (Mg,
Al)

Annual Revenue : 20 million USD

Major Products : Steering parts, Electronics parts
Major Process : Mold die casting

No real time OEE monitoring
No real time quality control system
Increasing cable works

Solutions and User benefits

L » Established real time SPC system by direct
| - interface to machines

f_
i*; =" » Good to OEE operation

=45 » [Easy to moving of machines without cable
works
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CPS Solution (UDM Platform - CPS)

* This CPS platform could support strategic
decision making solution by connecting all the
information on vertically & horizontally
integrated horizons verifying, sharing and
analyzing cyber-physical models & data.

System Components

Digital prototyping

Standardization of 1/O

Standardization of 1/0

| |
Management of Library and DB for
Equipment 1/O Standardization

Checkiﬁg by PLC interworking
verification and virtual commissioning

Product, Process, Machinery verify:
cation and Digital prototyping

Abnormality detection

i

Improvement and Optimization
through process reproduction

automated process facilities Design

Valdation /
/- Fiback
Real time monitoring of

Apply

5 y ENGINEERING KOREA SMART FACTORY
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Case study : LCD Washing machine
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HMI & Signal
Monitoring

4

Conveyor Model

T T

Logical Modél
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Pl H undai/Kia Motor(Mexico Factory) HMI/PLC Standardization (with LSIS)
FOEIGroctsfteoncert . H:undai Motor Ulsan/Beijing Factiry— Facility abnormal status Simulation
Dispersed after P} Hyundai Motor Asan Factory -Anomaly detection & Patterned Facility Simulation
" » Kia Mortor Hwa-seong Factory — Factory maintenance Simulation
project Pk SIS HMI XP Builder Development (Hyundai Kia Motor Project)

Samsung Display China Choju Factory Facility verification, process specification (Zeus)
“+ Hyundai Motor Me-GTC Project 15t ,2nd Task performance
PkSmart Factory Bureau: Smart Factory Representative/Demo Factory task performance

B B

Application Example s Application Example
- Design and validate a virtual factory before building a Identify problems, improve productivity, track
real manufacturing process line to identify problems control operation, provide factory intelligence,
n advancse . ) - and develop a mixed reality virtual process line
- Software-in-the-Loop Simulator to improve facility such as actual manufacturing process line

operation rate and cycle time of mass production line

W #F BAPN

Static & dynamic model
reproduction

............................................................................................................................................................

e
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LG Display POC 15t ,2nd 3d MCSC+ (Process Operation Improvement) Task performance
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APS Solution (MOZART - APS) APS Architecture

* Integrated planning and scheduling solutions for 8 MOZART Appiications

smart operation management of semiconductor and Pre-Built application library Configuration Tool

display industries 223

LSED|AF'SD @

* Achievement : Keeping the level of accuracy by

to 30%

== MOZART IDE
Function Modeler Sirmulation Medeler
Order./ Forecast Mater Plann'mg Purchasing order
(MOZART MP®) Behavior Designer Entity Designer
Ramacd Weekly target MP capacity|verification
- Material constraint
Lot Pegging Target Factory Planning

(MOZART RTF#) (MOZART FP?) Delivery order

Return-to-forecast
(RTF)

In/Out plan
(Daily, shift)

Scheduling
(MOZART RTS®)

FAB Simulation RTF: return-to-forecast

(MOZART LSE®)

MP: master planning,
FP: fact:try |:|F:a\nningg References

LSE: loading simulation engine

l Lo . |
Dispatching RTS: Real Time Scheduler SK _ M cron w

! RTD: real time dispatcher
{RTD in MES) MES: Manufacturing Execution System

l Work order (lot level)
D MOZART Coverage
Operational decision

Movement,
WIP estimates

| Tool schedule

Bottleneck estimate l

- | KOREA SMART FACTORY
L. FOUNDATION

- by 20 |
more than 95% and reducing the cycle time by 20 —
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Project Manager
Task Manager Deploy Manager

Task Schedule & Execution service
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Smart Operation Management System generates production target values and provides relevant data and advices to the stakeholders
in ‘real-time" via online simulation with minimal human intervention.

LCD Production Line
“Smart Navigation Guiding Fabrication based Production” F — >
_ 0 P
................................. >[ [ v EXITTTCCECRSRRRRLLOeD 3
= .
%w et Destination # "Recalculating ... d “0.3mi, Tum left to Ad"“’e at the
W estination ‘_’
Car: Travel plan Simulation Model for RTS :
it
= ) 1~ (T g T
Visible to Glass o w7 %
Customers _/ }:1 & Sh°" Buffer BUer el Parts
LCD Fab Buffer
Online Simulator ‘
Application for RTS [ /“
|Target Generatmn_ 'Reschedulmg “Revised work orders Fab out (ship) A : + Enhanced Full Auto, Rate v

= o [ _r - = - Schedule Compliance : 90% ~ 100%

- % o —a - Execute Auto Send & Setup

0 e e m ”U“Hw * Reduce WIP and Increase Movement

= — e M by Equlpment I + Cell In-schedule Automation
-." T _
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IoT Convergence service (WimFactory) Application : Shoes

* IoT gateway : Supports Analog and Digital Signals
from all type of sensors commercially available on
the market. Works simultaneously with several
sensors and avoid signal and data collision.

* Cloud platform : Provides Malfunction notification
and prediction through big data analysis and
industrial Al based on analyzed data. All data is
centralized and accessible over the web from any
computer or smart devices at any time.

Concept

®
®
10T Gateway
n
Real-time Data
Q A -« Monitoring - @ - Analysis
o
nart Device

E KOREA SMART FACTORY
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Sending
Production
data via
3G/WIFi
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(Left) Pigyok Chincholioe, 16 century, The War Memorial of Korea
(Right) Diagram of the Pigyok Chincholloe 5 8
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