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Questions?

How We’ll
Handle

Please write your guestion in the webinar
guestion web form. We will address as
many as we can at the end of the webinar
and send and email with follow up’s to
attendees for those not able to be
responded to.




Aamw INDUSTRIAL ISE and IISE for Life—how IISE supports

Wy &SYSTEMS  you for your entire Career.....

Council on
Industrial and
Systems
Engineering—
Senior
Leadership of
Indl_Jstry ISE function
Advisory
Board—
/ Young \ Mid Career , Mgs
Professionals in ISE related
—Early functions
Career 1-15

years out

e ———

Career Path and Timeline
P/ 1\N

‘‘‘‘‘‘ Manufacturing & Design Division

V22 L TR

LEAN DIVISION

- a O e ———

You can get involved in Societies, Divisions and also ‘Affinity Groups’ like Young Professionals,

Industry Advisory Board and the Council on Industrial and Systems Engineering
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N fees Orlando May 18-21 2019

= We have built a mini-conference specifically designed for Young Professionals,
Seasoned ISE Practitioners, Leaders and Managers of the ISE Function in Business
and Industry.

= Four Focus Areas with 6 great presentations in each of the four areas:

Soft Skills Development: improving your change leadership and management knowledge and skills
Career Development: Trends and Emerging Opportunities in our Field

Continuing to broaden and deepen your ISE Foundational Knowledge and Skills

How to create more Value for your Organization and in doing so advance your career faster

P wnNPE

=  All Invited Speakers will ensure every session is outstanding.
= Jim Tompkins is our Industry Track Keynote Speaker— SR CL Tonpiins
if you haven’t heard Jim speak you are in for a treat!!

=  Balanced presentations across Industry Segments (Services, Healthcare, Manufacturing, Supply
Chain and Logistics)

Goal is to make it efficient and fun for you to do some Personal and Professional Development in

2019
Py 1\ N
& —
N | "\f"-‘ff‘w"‘;:\
IHISE | conFERENCE & EXPO 2019 ';_;"':_

1T e h‘ =
May 18-21, 2019 = Rosen Shingle Creek Hotel ® Orlando, Florida e

Schedule

Home Registration Program Hotel/Travel Exhibitors Sponsors University Sponsors Join IISE
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UYHEF & SYSTEMS IISE’s First Chapter (1949)
NP7 ENGINEERS and also the first Virtual IISE Professional Chapter (2016)

1. 304 Professional Members in Region IV but also from around the Country/World.

2. Support and partner with Student Chapters: Youngstown State, Ohio University, Purdue,
and Ohio State University Student Chapters, and also in Michigan.

3. Partner with IAB--Industry Advisory Board, CISE, and the Young Professionals Group and
a number of Societies and Divisions.

4. Partner with our Sister Chapter #2 in Dayton/Cincinnati on our Annual IISE All Ohio Event
and other things

5. 10+timely, Valuable Webinars each year; topics developed from Voice of Member

6. 12 Monthly Memo’s help Members get to know each other and keep members aware of
upcoming opportunities AND also provide Self-Help Features on personal and professional
mastery

7. quarterly GoToMeeting small group calls with members that focus on topics of interest from
‘affinity groups’/segments of our members.
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WEEF & SYSTEMS of web_lnars on Operational
“NPF ENGINEERS Analytics in 2017-18
Webinar #1: Foundations 7 Dec 2017 (and GLR Conference) ‘/

Share the Framework, the Models, the Abstractions, the Principles o N

nnnnnnnnnn
““““““““

Management Systems Model
Intel “Triangle” Model

Webinar #2: Foundational Data Role--Measurement and Analysis / o
Planning 20 March 2018 —

Measurement Planning using Value Stream Maps, Data Models derive from refining the een | s
Management System Model, The Data Management Role of ISE’s in Process Improvement L e
Projects

Webinar #3: Best in Class ILSS Project Final TG's 25 April 2018 /

Showcase best in class projects, shine spotlight on Op Analytics

Webinar #4. Decision Support Role—M&A Execution 12 June 2018 ﬁ ‘/

Feature and Knowledge Extraction, Creating Chartbooks and VSM’s, supporting the
evaluation phase of DMAIC projects and then also the Control Stage. e

Webinar #5: Putting it all together 24 July 2018 @ ‘/
Reuvisiting the Management Systems Model with Case Examples o | i
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Webinar #1: Overview Industry 4.0 11 Oct 2018 (Jack Feng, Paul
Cohen)

Overview the History and Evolution of NNMI and Industry 4.0
Discuss ISE and Corporate/Plant Implications and Strategies
Discuss ISE Mftg Systems Eng Research Implications

Webinar #2: Industry 4.0 Impact on Business Models (Thorsten
Wouest) 22 Jan 2019

Webinar #3: Smart Logistics: Industry 4.0 and the End2End Supply
Chain (Jim Tompkins, Tompkins Int’l; David Poirier, The
Poirier Group; Benoit Montreuil, Ga Tech) 6 Feb 2019

Webinar #4: Smart Analytics (Scott Sink, ISE at OSU; Jared
Frederici, The Poirier Group; and Matheus Scuta, Ford)
26 Feb 2019

Webinar #5: Smart Grids (Elaine Johns, CEO Enervision)

Webinar #6: Smart Factory (TBD)




INSTITUTE OF

llll INDUSTRIAL - : .
WEEY & SYSTEMS Key Context Points as to why succeeding with

NP ENGINEERS “Industry 4.0” is important to the US

the standard of living, quality of life, cost of labor gaps are still significant and a big
factor impacting our competitiveness which is why the Trade War is raging and will
probably escalate.

Trade wars win battles they don’t win the War.

“Industry 4.0” is just a label we've given to the integration of technology and data
utilization that reflects a solution/path forward for us. It's an umbrella term for the
confluence of a large number of innovations that are coming to fruition and now being
integrated.

We want to help you understand this buzz word, “Industry 4.0” and then think
about how you can play arole, as an ISE in making it happen.

We also want to help you understand what the US Government is doing with initiatives
like NNMI to facilitate a speedier migration to the future state.

And, for most manufacturers in the US, there are still significant gaps in
understanding all this and therefore the migration strategies of often flawed and
moving too slowly.

Let’s look at some High Level “Models™/Views of this

Abstraction
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AEEA INDUSTRIAL ! X
WP & SYSTEMS  new level of operational productivity.

WP’ ENGINEERS

Mechanization, Mass production, Computer and Cyber physical
water power, assembly line, automation system
steam power electricity

'ﬂ

¢

-

o ™

[
Y r— |

Do

Maturation of new Data analytics Pervasive Ubiquitous Unprecedented

cyber physical driving efficacy sensing connectivity levels of data

technologies and effectiveness and throughout and increased

(artificial and new business actuation the supply computing
chain powers

intelligence, 3-D models
printing, robotics)

McKinsey&Company | Source: Forbes; World Economic Forum

10 Tere Qo Seravrs Uspryansery
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NP” ENGINEERS faster—but how does that translate in the

world of industry

Technology Adoption Rates

Smartphones || Eﬁ

weo . €
Mobile Phone |
c e

Television

Radio

Telephone

Electricity

0 10 20 30 40 50
Years taken until adopted by 25% of the U.S. population

Source S ensus 2 treet Journ:
o0oUrce: U.o. Lensus, vvall otreet Journa

Market RealistQ
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Advanced Analytics with Self-Service Delivery
. | Autonomous Vehicles

Smart Advisors
Micro Data Centers Pk o ope
Speech-to-Speech Translation

Software-Defined Question of Machine Learning
Security value and pivot Wearables .

Digital Dexterity \ Cryptocurrencie;
Consumer 3D Printi

Neurobusiness Internet of Nafarnd La & -
; atural-Langyége Question Answerin
Citizen Data Science inflecdon ' Things o9 9
Biochips of attitude | Augmented Reality

IoT Platform ' Hybrid Cloud Computing ‘“‘“‘"

Clovd Senices Brok atiude
ud Services Brokerage

Affective Computing confrmagies
Smart Robots \

D Bioprinting Systems for Organ Transplant
Volumetric Displays |
Human Augmentation Cryptocur
Brain-controlled Computers
Quantum Computing |
Internet devices powered By Wi-Fi
Bioacoustic Sensing Initial
People-Literate Technology ' rollout
Virtual Personal Assistants
Digital Security  pyots
Smart Dust
Immune Engin

Attitude and adoption equilibrium
Can’tbclm:hl

Enterprise 3D Printing

ture Control I
A wide range of '
success Initiatives

Expectations

Source: LEADIng Practice, 2016

Time Early Industry Standards
Adoption Adoption Adoption
Legend
— Trend Curve —— Performance S-Curve ——— Adoption Curve * <1oyears ) s-10years A 25years  $§ >ayears
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Lcosystem

CYBER SECURITY |« > <«——s]  BIGDATA Sy

> Stronges peotecton for intamet CcLouo P 8 1 =

Based massfacting COMPUTING Tes
> Techaciogy product wits v

fongas facycle [ SENSORS | > Cydee Prysical Symams (CPS)

ADVANCED > Numericsl command
e > Zaso celaun ) MANUFACTURING - Foll sstomatcn
| deviation SYSTEMS - Totally ntercomneciad systams
SUPPLIERS .: R’:ce‘g’ = Machne 10 machine communicaice

> mm,

[5:00:00 000000 g == .Owdﬂ,_
SDPRINTING / ONANOTECHNOLOGY / ROBOT AUTONOMOCUS
ADDITIVE MANUFACTURING ADVANCED MATERIALS VEHICLE

> Screp chmnation
> Mass cusomzaion
> Rapid prototyping

> Senan vaise 33ded produtis
> Teckaical cifimentation
> Coamectviy

> Real time - Astonosay -
Procuctnty

> Fulltranspasency oa datarepoeting > Lowver costs
PLANT OF THE FUTUREA

> Fiow optimaton
> InCraased secury

FPUANTOF TFrE FUTURE B

COSTER OF

stry 4.0

CUSTOMIZATION

CLIENTS

= 516161

&

INTERNET OF THINGS

> Odjectiageeg
> istemet-object
communication viaiow

powsere racio
> Real e data capture
> Optimized s10cks

v

RESOURCES OF THE FUTURE

ALTERNATIVE / NON CONVENTIONAL

souan R85\

GEOTHERMIC

L

B

> Raduzadwases

> Ciaan and rensay 2Dl entrgids
evaryvnace

> Enegy Storage

> Axemative riv mRenNs
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The Connected Factory in Action

INNOVATION AGILITY

CONNECT & COLLABORATE EXTERNALLY
Extend visibility beyond your four walls.

Link the extended supply chain and
distribution to create dynamic workflows.

Help and expertise are available in

an instant.

TAP COMMERCIAL INNOVATION
Mobilize employees and supervisors to
move across the factory floor and access
data wherever they are. The iPad and other
like devices are making their way into
industrial settings — along with an
expectation that much of the commercial
innovation it brings will also apply to
industrial activities.

~ STATUS
™

EXPANDABLE INFRASTRUCTURE
Design and build an Industrial Ethemet
infrastructure to minimize cost and
effort to expand or improve processes.
One infrastructure for safety, control,
SCADA, Physical Security, and LAN.

CONNECT ENGINEERS WITH MACHINES (M2M)
Apply predictive maintenance. Gain early

warnings when production, machinery or

network performance is about to degrade.

EFFICIENCY RISK

Processes

People
& o o g

LINK INFORMATION & OPERATIONAL TECHNOLOGY
Bridge the gap from data center to control

room to collaborate and share best

practices and common goals between

manufacturing and IT.

—* SECURE PHYSICAL & CYBER ASSETS
Traditional security devices, like keypad
entry systems, call boxes and security
cameras, need power from Industrial
Ethemet cables, with secure networks,
to protect your processes, people, and plans
from cyber sabotage.

OPTIMIZE ASSETS
Identify where your people, equipment,
works in process and finished goods are in
real-time. Adjust the schedule and inventory
on the fly.

~—— MAXIMIZE UPTIME
Design ruggedized industrial networking
infrastructure that will endure in harsh
environments with redundant
communications, power and configuration
backup — especially for business processes
under extreme conditions.

SN Al I AL

[y
[
| ey
[=2



http://www.osu.edu/

#2BR INDUSTRIAL How are various Nations
UYHEY & SYSTEMS .
WP” ENGINEERS d0|ng?

INDUSTRY 4.0:
THE STATE OF THE NATIONS lorieniielinh

Industry 4.0 implementation

Industry 4.0: Enabling manufacturers to
increase competitiveness...

Business growth:
Smart products . | ?‘,
Smart i
LR Key ﬁnd'ngs Industries planning

the heaviest investment
between now and 2020:

‘ :Mcimczd gains: The most mature
mart production i :
a . 85% of businesses see 89% are aware of the potential of o Electionics
Smart factories the potential of Industry 4.0 : Ve P Automotive ¢ { * Machinery
information efficiency through the Electronics « Process
Yet only 15% have dedicated strategies in place implementation of data standards Process
AVVoN

Yet only 11% have systematically

Almost 87% see the value of implemented data security and standards

: a predictive maintenance strategy - I
...but are businesses making driven by real-time data @ 81% are aware of the potential of monitoring = aal

the most of the opportunity? - machine status for maintenance purposes
Yet 91% of surveyed companies in German

The first in-depth study into Industry speaking countries don't measure operating Yet only 17% have put principles into practice
4.0readiness efficiency based on real-time data
Country maturity
4 @ @ ; = 889% consider energy management important in Industry 4.0 implementation
Industrial manufacturing executives Yet only 15% regularly implement practices into their processes
The most mature adopter:
,’ mm Gg China, France, .(‘ China
of competitiveness Germany, UK. US | 570/0

Countries with similar maturity footprints:
E ‘ United States
32%
B ) united Kingdom
S 26%
® O 57
21%
The least mature adopter

‘ ' 3 5'?5/0

. 41 > 2 telephone yd
Marh 2915, 18 O, France. 208 e Unined Stanes. 7 Agree and Be flexible in Bulld strong partnerships Focus on Build a clear, . X
/ implement industry- sourcing key skills in order to innovate quickly quick wins holistic roadmap n

wide data standards

€) Aerospace (P Machinery
©) Automotive () Process

0 Electronics : : \ o — e L
P 06

Towards 2020:

: The 5 leadership characteristics to help seize competitive advantage ™

03
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« Government investment in private-sector led partnerships

» Addresses the market failure of industry underinvestment in “pre-competitive” applied

R&D
» Focus on “de-risking” new technologies and materials to scale-up for U.S.
manufacturers
Basic Commercialization
Funding/ R&D Privale
|lWeStment sec‘or
High Govemment and GAP
universities < >

Low

Manufacturing-innovation process

Basic Proofof Production ~ Capacityto ~ Capabiltyin  Demonstration
manufacturing concent In produce  production of production
research P laboratory ~~ prototype ~  environment rates

(courtesy of DMDII)
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Manufacturing, Design, and Innovation

o
2

MAKING VALUE FOR AMERICA

NAE REPORT ON THE FUTURE OF MANUFACTURING,
TECHNOLOGY, AND WORK

User Facilities to support Industry RD&D

e TIONAL ACADEMY OF ENGINEERING

This site uses o

okies. For m

ore information on cookies please see

INPUT: Innovators with new
production-enabling technologies

@ N
Advanced o OUTPUT: Data to
Manufacturing 2 Design demonstrate business case
INPUT: Technologies || © Capabilities for manufacturing new
lnnovato-rs \_ @ L V. materials or products:
it idea -~ R E 4 B Processes established
with ideas Traditional = > - Productionrate data
for new Manufacturing || o - Costestimates basedon
materials or Technologies || 8 Characterization production data
products \____ | p and Testing - Risksunderstood/
Modeling and || 8 Equipment quantified
Simulation 0 - Partners Identified
Tools - \_ )

OUTPUT: Market adoption of Innovative materials
innovative new production-enabling ’ | or products to market

- technologies
"ll' Advanced Manufacturing National Program Office
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Designing, Building and Growing the NNMI
3) Public Input and the NNMI Design

15 Institutes + Pilot Full-size Institutes Vision of 45 Institutes 6 x 2014 Institutes

sTTER FOR THE MIDOLE CLASS
_ AHOME TO CALL YOUR OWN
Lot an A ¥ A ! o WH ORI TEN-BARGA LS
1: ” ‘:'..!\z ..'&/ ‘4‘-..- ¥ \ ¢ /] " 6T r .(i"$ ' &F.‘
AM - ’, ) ‘&,, > v T ': A of X
',-"‘x."‘ ’éf"’é:"'."' \‘ p ! s "n : \..‘ f p
« dy - ‘N x w . !' ?"‘ ‘_4;4”-.‘_ :
March
2012

ght-

Power Electronics

Additive

& Design  weight

Metals Congressional
e Authorization
e ovesall Ll Formation of
Public Comment ) Mmarcionollll oo Lo Network and

0 ' T e More New

ﬂ [ e (1) Institutes

PCAST/AMP Cal : |
for NNMI % l NNMI T
. Framework l

he Design Continues ...




Manufacturing USA - 14 Institutes Now

Since Launching in 2012:

Over $1 billion Federal funding matched WA

V) =
by over $2 billion non-Federal funding 3 LLEEVE 7
photonics
1,300+ companies, universities, and America Makes - a rl I l I
non-profits involved Additive RObOtS in l‘;\ﬁg cr)%tlg(si Recycling Tlsetia

aras. || @ mape| [

A0+ states participating Manufacturing Manufacturin Albany and Materials Biofabrication
Youngstown, OH Pittsburgh, p,f Rochesger NY Rochester, NY ' Manchester, NH
—— ————— —————g— R — T —
K " . o*
w “‘
“
NEXTFLE '”"""'":"

\ LE R R RN BN El L™ .; arr@a

<

Flexible Hybrid = I I
e, @ pMpIlj % | e
-
.—) -3 Cambridge, MA
Digital .
Manufacturing -
acr;,q Desigliz B
icago, ( . {
All :
. 1LRAPID
Lightweight %
Metals ° Process

Clean Energz Detroit, Ml * Intensification
Los Angeles, CA . New York, NY

*States in blue have major
participants in Manufacturing
USA Institutes

NI‘MBL

PowerAMERICA Biopharma
. Cee® —— MAa/nufaituring
. ide Bandga 2
- ManUfaCturlng Advanced Semiconduc o?s _ewar EE
Composites Raleigh, NC

Oak Ridge, TN e ———d

V,

https://www.manufacturingusa.com/institutes

= USA


http://www.uilabs.org/innovation-platforms/manufacturing

INSTITUTE OF

llll !gl':lg)l.éSTngL _
WHEN & SYSTEM
AWy & SYSTEN he Case for Action
4 N\ N\ N\ N\ )
Effective Industrial and :
We are implementation Systems It starts with a
entering into of technolo Systems Enagineers thorough
an Industrial will determi% issues abound neeg to step understanding
Revolution the Winners up of Industry 4.0
- N\ VAN VAN VAN ‘ J

Impact on

Business
Models
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Advanced Manufacturing

New technologies, products, materials
and processes

Smart
Manufacturing

Use of data throughout the
product life cycle

Source: Shipp et al. 2012

Advanced
Manufacturing
Focus on physical
manufacturing-
technology

Smart

Manufacturing
Focus on data and
analytics

Source: Mittal, Khan & Wuest 2017

WV' WestVirginiaUniversity.

Dr. Thorsten Wuest
thwuest@mail.wvu.edu
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SMART MANUFACTURING

PRINCIPLES
/| CONNECTIVITY
/ VIRTUALIZATION

/ DATA UTILIZATION

WV' WestVirginiaUniversity.
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v

SMART MANUFACTURING
TECHNOLOGIES

SmartProducts /
Parts / Materials

I'T based production
management

’ 3-D Printing /Additive

Manufacturing

Jata Shari y
I ’_l IMng ‘ Compositionality
Systems ’
Data Context
Analytics Awareness
Ea
. Innovative Education
Heterogenenty |- oy
Smart and Training
Manufacturing
Energy Saving
" o 5 Modwlarity
/ Energy Efficiency Y g
Law and Visual
Regulations Technology
' Intelligent
Interoperability y ¢
) Control
= ‘ s . : Cloud N1 D
10T/ IoS Cyber Security s CPS/CPPS
e 2 Manufacturing

Source (Open Access): Mittal, S., Kahn, M., Romero, D. & Wuest, T. (2017). Smart
Manufacturing: Characteristics, Technologies and Enabling Factors. Part B: Journal

of Engineering Manufacture, Online first, 1-20. DOI 10.1177/0954405417736547

38 technologies (27 char. / 7 enabl. factors)
We decided to cluster, resulting in:

1.  3- D Printing / Additive Manufacturing
2.  Cloud Manufacturing

3. CPS (Cyber Physical Systems) /
CPPS (Cyber Physical Production
Systems)

4 Cyber Security

5 Data Analytics

6. Energy Saving / Energy Efficiency
7 Intelligent Control

8 loT /10S / lloT

9 IT based Production System
Smart Product / Part / Material
Visual Technology

WestVirginiaUniversity.

Dr. Thorsten Wuest
thwuest@mail.wvu.edu
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Industrial (Consumer)
Internet of Things Internet of Things
lloT loT

Heavy Machinery
Transportation

Wearable's
Phanes
TV's
*‘@

&

Smart Cities

Network

Connectivity
Automation Appliances
oy
i
Factories @ A Home Monitoring

(=)
Healthcare Home Automation

Dr. Thorsten Wuest
thwuest@mail.wvu.edu

WV' WestVirginiaUniversity.
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Digital Twins

t t t t t
Industrial Internet of Things
| | |

Nt 11 Bial;

Physical World Physical Assets

|
v

Dr. Thorsten Wuest
thwuest@mail.wvu.edu

WV' WestVirginiaUniversity.
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Cyber-physical systems

Intended influence
Support, coordinate, enrich, control, analyze, etc.

Virtual World

@ Digital Twin Internet
Software @
(Serious)

Analytics Games
~— cloud é@q
)
Modelling

Measure, observe, evaluate, follow-up, etc.

Physical (“real”) World

e

Las Integrated production & 1-
i

systems

g Rubots@-c ﬁ Humans

S N Machines
Vehicles L

aﬁE Devices nzz;n

Manufacturing
systems

WV' WestVirginiaUniversity.

Dr. Thorsten Wuest
thwuest@mail.wvu.edu
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We have a bunch of new technologies available —

Dr. Thorsten Wuest
thwuest@mail.wvu.edu

WV' WestVirginiaUniversity.
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Case 1: Eagle Manufacturing E&SLE

e

Concept to revise boiler controls (goal)

Plant maintenance can

from instead of
coming to the plant to schedule and check on them
physically

T Serrsmy [

Provided by : Eagle Manufacturing, jmcknight@eagle-mfg.com

WestVirginiaUniversity.

Dr. Thorsten Wuest
thwuest@mail.wvu.edu


mailto:jmcknight@eagle-mfg.com
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Solution
e Using newer technology
with integrated and SMTP
(email) protocol
e along with advanced HMI and
functionality

Benefits :
& scheduling of system

monitoring (through
mobile devices)

00000 ATRT & 4:30 PM 7§ 70% WD

< ) (i
I

Current Running Boiler

FRMIEIcast.net
SUBJ:Alarm From Boiler 3
MSG: Low Water

(2] [@

Provided by : Eagle Manufacturing, jmcknight@eagle-mfg.com

‘V" WestVn’ginjaUnivefsity Dr. Thorsten Wuest

thwuest@mail.wvu.edu
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» Eagle Mfg. successfully developed their own SM
solution, implemented it, & achieved their objective

» Great first step in their Industry 4.0 / SM journey

» Such projects are essential for many SMEs to
‘get their feet wet’

» Evolutionary approach

But are we not talking about the

Dr. Thorsten Wuest

.w.v- West\/lrginiaUnivefsiL)L thwuest@mail.wvu.edu
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 To truly transform your organization, we Macorm smseples

General Electric’s Predix, Microsoft Azure, CyberLighting’s CyberVille, Schneider

n eed to app ro aCh the I n d UStry 4 . O & Electric’'s Wonderware, S‘.AP Hana Cloud P]al:ﬁ:rm (Connected Manuf;auring &

. Predictive Maintenance and services), Bosch Production & Logistics, LifeCycle
S M JOU 14 ey Care (Your KoneCranes + TrueConnect). John Deere, Forest Insight, Kaa loT
Development Platform

° i i PTC ThingWorx, IBM BlueMix, Exosite, Google, Brillo, Sap loT Platform, Intel
Organlzatlons can loT, Salesforce loT Cloud, IBM Watson

Wlthout Yammer, Linkedin, Twitter
IndustryHack, GrabCad, InnoCentive

coordination
Menon, K., Karkkainen, H., Wuest, T. & Gupta, J. (2018). Industrial Internet Platforms: A PLM

i Oth e rWi Se We S u C h Perspective. Part B: Journal of Engineering Manufacture
as insights from data analytics

e How can we ? P—

1 A Categorical Framework of Manufacturing for Industry 4.0 and Beyond
° (l | OT) p I atfo rms 2 Maturity Model for Assessing Industry 4.0 Readiness and Maturity of Manufacturing Enterprises
3  Towards Industry 4.0: Gap Analysis between Current Automotive MES and Industry Standards using Model-Based Requirement
e M al’ketp | aces & com pOSltl on Of Towards Industry 4.0-Standardization as the Crucial Challenge for Highly Modular, Multi-vendor Production Systems
An Overview of a Smart Manufacturing System Readiness Assessment

Engineering
4
microservices & applications e S Mt ol SN ovards ndy 40

IMPULS Industrie 4.0 Readiness
Building the Digital Enterprise
° Etc 9 The Connected Enterprise Maturity Model
: 10 Guideline Industrie 4.0 - Guiding Principles for the Implementation of Industrie 4.0 in Small and Medium-sized Businesses
11 A Smartness Assessment Framework for Smart Factories Using Analytic Network Process

* There are various supporting e @ ottt sy 40 ey 030

14 Maturity and Readiness Model for Industry 4.0 Strategy

avai I ab I e for 15 Towards a framework for Assessing the Maturity of Manufacturing Companies in Industry 4.0 Adoption

Mittal, S., Khan, M., Romero, D. & Wuest, T. (2018). A Critical Review of Smart Manufacturing & Industry 4.0 Maturity

com p an |e S to |d e ntlfy th el rm atu rlty ﬁ’ﬁi’f; llmplications for Small and Medium-sized Enterprises (SMES). Journal of Manufacturing Systems, 49(2018),

Dr. Thorsten Wuest
thwuest@mail.wvu.edu

WV' WestVirginiaUniversity.
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Business

model

A business model “[...] describes
the by which a
company tries to from
its business [...]."1

Business Model Canvas

CUSTOMER

KEY ACTIVITIES RELATIONSHIPS
KEY

PARTNERS

CUSTOMER
SEGMENTS

VALUE
KEY PROPOSITION
RESOURCES

CHANNELS

COST

STRUCTURE REVENUE

STRUCTURE

Osterwalder, A., & Pigneur, Y. (2010). Business model generation: a
handbook for visionaries, game changers, and challengers. John
Wiley & Sons.

 Business modelis a N

the transition towards Industry 4.0

as it is not ‘technical’, etc.

However: We can
& expect to
fully benefits from opportunity

WV' WestVirginiaUniversity.

1 Source: http://lexicon.ft.com/Term?term=business-model

Dr. Thorsten Wuest
thwuest@mail.wvu.edu
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“A [Product Service System] is an integrated product and service offering that delivers
. A PSS offers the opportunity to
and hence reduce the environmental impact of economic activity. The PSS
logic is premised on to both
and to a system.”
(Baines et al., 2007)

Benefits:
Backward-directed information flows
( \{ 9\ « Competition outside of ‘cost’
Beginning of Life . Middle of Life End of Life * Installed base (No. unit sales vs.
No. of units in operation)

C design, testi Ci duct c fing, °
e o S o O Constant revenue

Forward-directed information flows ° LOCk'in effeCt (CUStomerS)

(1Wellsandtetal. 2015) «  Lock-out effect (competitors)

« Reduction of direct competitors
through customization
* ... customer demand!

Typical examples:

* Less waste / better for environment

Dr. Thorsten Wuest
thwuest@mail.wvu.edu

WV' WestVirginiaUniversity.
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Rental / Pay-per-
Leasing Output

al., 2018

vaWeStW L. UniVCI'Sily. Dr. Thorsten Wuest

thwuest@mail.wvu.edu
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Case 2: KAESER COMPRESSORS

Background:
KAESER is a leading global manufacturer of compressed

v

air systems and services

Industry is characterized by high competition

shifting customer demands

in response to

Customers no longer purchase customized air

compressors but

compressed air

KAESER manufactures, operates, & owns the systems

analytics & predictive maintenance)

reduced cost & increased flexibility,

transfer of operational risks,

increased transparency,

improved operational planning.

(e.g., data

reduction in service cost,

development of a long-term

partnership

synergies in product
development & innovation

‘ KAESER database \

Network

Separate

DSI
Connection

ToT client
Customer 1

Ethernet
Ethernet-based

Sigma Air
Manager 4.0
SIGMANETWORK

Customer 2

Ethernet-based

Sigma Air
Manager 4.0
SIGMA NETWORK

B EE

B EE

Machine 1 Machine 2 Machine3  Machine n

Machine 1 Machine 2 Machine3  Machine n

# Data collection |, Control

Bock et al., 2019

» Lack of cost transparency on customer side

» Changing role of sales dept. ( )

+ Emphasis of partnerships & inter-disciplinary teams

* [ntroduction of new risks

* Need to ‘ease in’ the new BM

* Privacy & Security concerns

WestVirginiaUniversity.

Source: Bock, M., Wiener, M., Gronau, R., & Martin, A. (2019). Industry 4.0 Enabling Smart Air: Digital
Transformation at KAESER COMPRESSORS. In Digitalization Cases (pp. 101-117). Springer, Cham.

Dr. Thorsten Wuest
thwuest@mail.wvu.edu
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Interested In and/or
using the ?

to discuss options!

W . . . Karan Menon (Tampere University, Finland) Dr. Thorsten Wuest
v-WeStVIfglmaUIllVefSIC)L Hannu Karkkadinen (Tampere University, Finland) thwuest@mail.wvu.edu

Thorsten Wuest (West Virginia University, USA)
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« We are in the midst of a . Industry 4.0 / Smart Manufacturing
, such as loT and Digital Twins open
technological progress in business success
» Industry 4.0 needs to be approached , and that includes rethinking the

are promising desirable benefits, yet developing
sustainable and successful PPU/PPO BMs is challenging

Traditional one time sale: $$$ $ $

Beginning of Life Middle of Life End of Life
PPU/PPO: PPPPPPPPPPPPD
« Our Is a tool that can be used flexibly, at different levels of detalil,

and at different phases of the transition to support companies in the decision and
design process

Dr. Thorsten Wuest
thwuest@mail.wvu.edu

WV' WestVirginiaUniversity.
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The big question remains:

Well, I think it is safe to say we all agree that this is an inter-disciplinary challenge
involving technology, business and economics, complex systems, people, you name it.

| challenge each of you today, to:

* Think about the as a whole, on your
department, and on your main tasks,

rather than fight the change, and

» take a few moments each day over the next week to (re)think about what a
!

W T . Th
v WestVirginiaUniversity. Dr. Thorsten Wuest

thwuest@mail.wvu.edu
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Smart Manufacturing Technologies (Open Access) ->
e Mittal, S., Kahn, M., Romero, D. & Wuest, T. (2017). Smart Manufacturing: Characteristics, Technologies and Enabling Factors. Part B:
Journal of Engineering Manufacture, Online first, 1-20. DOI 10.1177/0954405417736547

Industry 4.0 & Smart Manufacturing (Open Access) ->
* Thoben, K.-D., Wiesner, S. & Wuest, T. (2017). “Industrie 4.0” and Smart Manufacturing — A Review of Research Issues and Application
Examples. Int’l Journal of Automation Technology, 11(1), 4-19. DOI 10.20965/ijat.2017.p0004 (Best Review Paper Award)

Machine Learning in Manufacturing (Open Access) ->
* Wauest, T., Weimer, D., Irgens, C. & Thoben, K.-D. (2016). Machine Learning in Manufacturing: Advantages, Challenges and
Applications. Production & Manufacturing Research, 4(1), 23-45. DOI 10.1080/21693277.2016.1192517

Industrial Internet Platforms ->
* Menon, K., Karkkainen, H., Wuest, T. & Gupta, J. (2018). Industrial Internet Platforms: A PLM Perspective. Part B: Journal of Engineering
Manufacture, online first. DOl 10.1177/0954405418760651.

2018 World Manufacturing Forum Report (Open Access) ->
e Taisch, M., Arena, D., Gorobtcova, P, Kiritsis, D., Luglietti, R., May, G., Morin, T. & Wuest, T. (2018). World Manufacturing Forum 2018
Report. World Manufacturing Forum.

Data Analytics in Manufacturing ->
* Lenz, J.,, Wuest, T. & Westkaemper, E. (2018). Holistic Approach to Machine Tool Data Analytics. Journal of Manufacturing Systems,
48(2018), 180-191. DOI 10.1016/j.jmsy.2018.03.003

Operator 4.0 ->
* Romero, D., Stahre, J., Wuest, T., Noran, O., Bernus, P., Fast-Berglund, A. & Gosecky, D. (2016). Towards an Operator 4.0 Typology: A
Human-Centric Perspective on the Fourth Industrial Revolution Technologies. International Conference on Computers and
Industrial Engineering. 2016, October 29.-31., Tianjin, China. ISSN 2164-8670 cd, ISSN 2164-8689 online (Best Faculty Paper Award)

Dr. Thorsten Wuest

.w.v- West\/lrginiaUniversiL)L thwuest@mail.wvu.edu


https://journals.sagepub.com/doi/pdf/10.1177/0954405417736547
https://www.researchgate.net/publication/312069858_Industrie_40_and_Smart_Manufacturing_-_A_Review_of_Research_Issues_and_Application_Examples
https://www.tandfonline.com/doi/full/10.1080/21693277.2016.1192517
http://journals.sagepub.com/eprint/dmp4pIIvzTvqFfN5xBZh/full
https://www.worldmanufacturingforum.org/report
https://www.sciencedirect.com/science/article/pii/S0278612518300360
https://www.researchgate.net/publication/309609488_Towards_an_Operator_40_Typology_A_Human-Centric_Perspective_on_the_Fourth_Industrial_Revolution_Technologies
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Questions
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7//[ DIGITAL WIPLERATIVE : Dealng vith Uncertainty, Speed 4 Reinvention

OWNl?ATIONAL
Feb 6, 2018 ot «WW@“ **;
H ? \/ &gE, i .\ @W 0V|TAUTY o tpliong,
Industry & Service Systems 4.0: Aqmnvm V’GITAU = O RUNNING SNt
) 2 POAR~
Smart Supply Chains mwmw £ "’”’0‘“‘“ ' £
pply R Wv A INNOVAT\ON @M‘%
/r‘ Tlne # &\/ /\ en(m&k ’\"J x v
y 4 Q\ék / wLVNE$9 ey mr\n\‘m oN
. \wedre o~ oeeNation ) = Pupie tre SIS QO
O James Tompkins, \ 1)t & \ \\0 ‘w‘m}mm 7
Chairman, Tompkins, Int'l— VISK\)W’Kj’ Plfn“tpr’mcurmv S\ ‘““':lzg.T<zAm %w
The Digital '
- (®© tompkins SCLF2018 o
Imperative e

. o The Physical Internet
O Benoit Montreuil, Director, Y o
Supply Chain & LOgiStiCS Hyperconnected global logistics system

. . enabling seamless open asset sharing and flow consolidation
Institute, ISE at Georgia through standardized

H encapsulation, modularization, protocols and interfaces
Tech—The Physical e g

A system is said to be hyperconnected
when its components (agents, things, etc.)
are intensely interconnected on multiple
layers, ultimately anytime, anywhere

Internet

U Scott Sink, Senior Advisor
to The Poirier Group

Practitioner View

Interconnectivity layers
notably include
digital, physical, operational, business,
legal and interpersonal

Georgia :
Yech Physical Internet Center
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Feb 26, 2018
Industry & Service Systems 4.0:
Smarter Analytics

U Matheus Scuta, Global
Manufacturing Analytics Scientist,
Ford Motor Company—

Integrating Analytics into
Manufacturing

O Jared Frederici, Sr. Consultant,
The Poirier Group, Toronto,

Canada— Smarter
Analytics

Knowledge
Extraction

O Scott Sink, Director, ILSS
Certification Program, ISE at

Ohio State— Operational /c,mm \
H Integration
Analytics: By What T | sormoe

M eth Od / DSte wackon Data Gathering

The Question?

Feature Extraction
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Upcoming Webinars from Chapter #1.:

Becoming a Change Master

March 5, 2018

Soft Skills 4.0—Becoming a
Change Master

U Bob Gold, Founder, The
Gold Group, Behavioral
Technologist—

The Art and Science
of Persuasion

U Scott Sink, Director ILSS
and Operational Analytics
Certification Program, ISE at
OSU-

How to Become a
Change Master

Structural \ g Creatlon
\) e Skilful

G=HANICSF

If an egg is broken by an
outside force, life ends.

by a inside force,
then life begins.

Great things happen
from the inside.

“Dance of Change” Tree
3 reinforcing loops for generating change

Harnessin E“"m’_‘—}_____‘_
9 _,_,__o—fk\,lewh; - —
e Delay T { ity
_Intention — —
__practices ety
Delay Feopi
I.eln‘h! ! —
||Ih A rd hvenmmh ™ —
o < Delay ¥ =\ Change initia h\-e,] ‘4,
/" Limiting Factors
L Chalienges of initiating = not enough tise, N0 heip, Hot relevant, NOwaking e Lk
2, ot by, AFHEIENG & mEAsring, rue Deleers & non believers

|3 challenges ﬂmﬁslp-{peme iMfussicin, Serabeqry And purpase




\ INSTITUTE OF . W . f h #1
ABBR INDUSTRIAL Upcoming Webinars from Chapter

WEEP & SYSTEMS IISE Annual Conference—
WP’ ENGINEERS ..
Industry Practitioner Track

March 21, 2018

The IISE Industry Practitioner
Track—Orlando

Learn about

. Industry 4.0
J  Scott Sink, Director ILSS and
Operational Analytics Certification ST e
Program, ISE at OSU- Overview of Strengthen my Extend my
) Soft Skills Network of
our Track for Young Professionals, Peers
Seasoned ISE’s, ISE Students Accelerate my
Career
Progress and
0 Kaz Takeda, Disneyland Resort puccess et some
Manager, Industrlal Engl_negrlng S .?}':‘Zf,ﬂi&?:.‘,&
and Co-Chair Track-- Highlights for Analytics career and have

Seasoned Practitioners Coluzliy
\/
O Jared Frederici, Sr. Consultant and service 4.0
Co-chair for Track— Highlights for '
Young Professionals and
Students
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N fees Orlando May 18-21 2019

= We have built a mini-conference specifically designed for Young Professionals,
Seasoned ISE Practitioners, Leaders and Managers of the ISE Function in Business
and Industry.

= Four Focus Areas with 6 great presentations in each of the four areas:

Soft Skills Development: improving your change leadership and management knowledge and skills
Career Development: Trends and Emerging Opportunities in our Field

Continuing to broaden and deepen your ISE Foundational Knowledge and Skills

How to create more Value for your Organization and in doing so advance your career faster

P wnNPE

=  All Invited Speakers will ensure every session is outstanding.
= Jim Tompkins is our Industry Track Keynote Speaker— SR CL Tonpiins
if you haven’t heard Jim speak you are in for a treat!!

=  Balanced presentations across Industry Segments (Services, Healthcare, Manufacturing, Supply
Chain and Logistics)

Goal is to make it efficient and fun for you to do some Personal and Professional Development in

2019
Py 1\ N
& —
N | "\f"-‘ff‘w"‘;:\
IHISE | conFERENCE & EXPO 2019 ';_;"':_

1T e h‘ =
May 18-21, 2019 = Rosen Shingle Creek Hotel ® Orlando, Florida e

Schedule

Home Registration Program Hotel/Travel Exhibitors Sponsors University Sponsors Join IISE
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And, in addition to those 24 Practical, Pragmatic Presentations by hand-picked
presenters we’ll wrap around some Networking opportunities:

the Annual CISE Leadership Mixer
= the Annual Industry Advisory Board Mixer

= Industry Track Kick-off and Capstone Plenary Sessions
= The Executive Roundtable
=  Townhalls for IAB and Young Professionals

=  Huge opportunity to build your network and mentor
and get mentored
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I PROYESSIONAL
DEVELOPMENT
Iess<>n

recleq-nle

superVision S

~| TRAINING '\-ss KNOWLEDGE
5';{#”‘;’23 % ety ity °

" LEARNING ()

knowledge
o |
A2 @@ ATV <™  [Personil]
CREATIVITY 1111 — o ige DEVELoPMENT

ENT [~ Talmfs

DD

It Pays Off—I've attended 30+ IISE Conferences and the

Return on Investment has been 25+:1 I!!




