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12:00

12:15

12:30

12:45

1:00 pm

Scott Tee-up
Quick Overview of Purpose and Objectives of Webinar

High Level Overview of this Abstraction

Jack Feng—Implications for ISE’s at the Company and Plant
Level

Paul Cohen--ISE Research Implications

Q&A and tee up the rest of the Series

Adjourn
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A&mh INDUSTRIAL ISE and IISE for Life—how IISE supports
WHWwF & 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
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Career Path and Timeline
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i You can get involved in Societies, Divisions and also ‘Affinity Groups’ like Young Professionals,

HOSITES BIGNES The Fremier ndustril 8 Systems Engineering Student Organization at 05U since 1883

AT THE OHIO STATE UNIVERSITYS

Industry Advisory Board and the Council on Industrial and Systems Engineering
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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.
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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,
Louisville, Purdue, and Ohio State University Student Chapters.

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




MA\. 'NSTITUTE OF That has led to the creation of this
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WY & SYSTEMS Industry 4.0 Series
NP ENGINEERS

Webinar #1: Starters 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: Successful Real Case Examples (Steve Savoie and
TBD)
Strategic Planning, Migration Strategies, Leveraging NNMI
Migration Plan Examples

Webinar #3: Smart Factory & Buildings (Rudy Santacroce & TBD)

Webinar #4: Smart Products (TBD)

Power

Webinar #5: Smart Logistics (Jim Tompkins or Ga Tech Physical

TECHNOLOGIES AND SOLUTIONS FOR piGoara S
Internet Center)

INDUSTRY 4.0 ...

-/ Industry

A

Webinar #6: Smart Analytics (Scott Sink, Jared Frederici, and TBD) -
Webinar #7: Smart Grids (Elaine Johns)

Webinar #8: Smart Integration (Eric Stebbins)

SIMULATION

Webinar #9: Best in class Case Examples (Steve Savoie & TBD)




INSTITUTE OF

WHEF & SYSTEMS
NWP” ENGINEERS

11:55 am Scott Tee-up
Quick Overview of Purpose and Objectives of Webinar

12:10 pm High Level Overview of the Evolution of the
Current and Near Future State in Industry

12:25 Jack Feng—Implications for ISE’s at the Company and Plant
Level

12:40 Paul Cohen--ISE Research Implications

12:55 pm Scott: Closing Comments

1:00 pm Adjourn
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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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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
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d@ma INDUSTRIAL Industrial Revolution 4.0
WHEF & SYSTEMS “a tsunami of technology headed toward the
NP’ ENGINEERS factory floor”

* Hybrid and autonomous vehicles

 Sensors, Controls and Vision
Systems

* Nanotechnology

« Alloys, Composites and Adhesives
 Model Based Enterprise

« Multi-variant Simulations

« Additive Manufacturing/3D Printing
« Collaborative Robots

* Integrated Supply Chain

« Smart Maintenance

* Internet of Things and Real Time
Data

« Big Data and Optimization




The Hype Cycle is a branded graphical presentation
developed and used by IT research and advisory firm Gartner
for representing the maturity, adoption and social application
of specific technologies. Each Hype Cycle drills down into
the five key phases of a technology’s life cycle.

The Hype Cycle

Advanced Analytics with Self-Service Delivery
Autonomous Vehicles

Peak of hype
Speech-to-Speech Translation

Machine Learning
Wearables

Cryptocurrencies

Smart Advnsor;
Micro Data Centers

Software-Defined Question of
Security value and pivot

.

Digital Dexterity

Neurobusiness Internet of
Citizen Data Science Inflection Thiage
Biochips of attitude |
loT Platform ' Hybrid Cloud Computing
Connected Homeo"(
Cloud Services Brokerage Attitude
Affective Computing oonitEe

Smart Robots \
D Bioprinting Systems for Organ Transplant
Volumetric Displays |

Smart Dust
Immune Engin

Natural-Langyége Question Answering
' Augmented Reality

udopl-mu \
. Attitude and adoption equilibrium ‘\

CAntbosuec'rsml

Human Augmentation Cryptocurr Enterprise 3D Printing
» Brain-controlled Computers Autonomous Field Vehiles
Quantum Computi )
S vantum 'omp ing . Virtual Reality
- Internet devices powered By Wi-Fi
. A . ture Control ~——
g Bioacoustic Sensing ' Initial —
8. People-Literate Technology | rollout A wide range of
Virtual Personal Assistants SHOEED e
|ﬁ Digital Security  pyots

Source: LEADing Practice, 2016

Time Early Industry
Adoption Adoption
Legend
—— Trend Curve - Performance S-Curve ——— Adoption Curve

Standards
Adoption

* <10 years

O saoyears A 2-5years  $§ >2years
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WEEF & SYSTEMS Technology” have dramatically gotten

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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WP & SYSTEMS a focus on Key Results Areas

NWP” ENGINEERS

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
o

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

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.
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#2BR INDUSTRIAL How are various Nations
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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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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

sLTTER FOR THE MIDOLE CLASS
AHOME TO CALL YOUR OWN
v WY SN RENRNOAL):
o N
L) 'f 4 :’l/ 7 ke

' _‘IF:_Q.\.”.‘\. -
"

a: of

LA

Additive Digital Mfg Light-

Power Electronics
& Design  weight
Metals Congressional
Y I Authorization
b e [ Pt Formation of
0 i More New
Institutes
PCAST/AMP Cal
for NNMI I |
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llll INDUSTRIAL -
WEBP & SYSTEMS Program Office has a mod_el for how to
NP7 ENGINEERS accelerate the transformation

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




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
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Manufacturing & Design Division

11:55 am

12:10 pm
12:25

12:40

12:55 pm

1:00 pm

Agenda

Scott Tee-up
Quick Overview of Purpose and Objectives of Webinar

High Level Overview of the Evolution of the Current and Near Future
State in Industry

{ack IFeng—lmplications for ISE’s at the Company and Plant
eve

Paul Cohen--ISE Research Implications

Scott: Closing Comments

Adjourn

i@ Edward P. Fitts
. Department of

Industrial and Systems
Engineering



OPERATIONAL EXCELLENCE

LEAN 6-SIGMA

Commercial Vehicle Group , Inc.®| All rights reserved

Digital
Manufacturing
Strategy

2018 IISE Seminar

Dr. Jack Feng, IISE Fellow, VP of
Operational Excellence and CVG
Digital, Commercial Vehicle Group

L Commer




Outline

CVG Overview

Introduction to Industry 4.0

CVG Digital Manufacturing Strategy
CVG Plant Level Programs

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Commercial Vehicle Group , Inc.®| All rights reserved



The Industrial Revolutions

Mechanization, mass production, automation, virtualization

Four Phases of Industrialization

Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0

(>
End of Beginning of Early 1970s Today
18" century 20" century
Use of water and steam Use of electrical power to Use of electronics and Use of cyber-physical systems to
power to run mechanical enable work-sharing mass IT to automate monitor, analyze, and automate
production facilities production production business

http://saphanatutorial.com/industry-4-0/

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Confidential Green

Commercial Vehicle Group , Inc.®| All rights reserved ot / 25




Industry 4.0

Industrial Internet of Things (lloT)
+

Digital Design & Manufacturing

Many technologies have been available for a while, why now?
* Increased computing power

« Faster broadband speed

 Much more matured, complete ecosystem

! & CoNJCS
\\ Gorig crot veite frougine. 4
=~



Companies in every industry sector expect significant cost

reductions
Cost reduction Cost reduction
(in % p.a. until 2020) {in US%bn p.a. until 2020)

Aerospace, defence
& security

Automotive

Chemicals

Electronics

Engineering & construction
Forest, paper & packaging
Industrial manufacturing
Metals

Transportation & logistics

Weighted Average

Q: What cumulative benefits from digitisation do you expect in the next 5 years? Lower costs.

Source: PwC 2016 Industry 4.0 Survey. This survey covered 2000+ companies over 29 countries.

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Confidential Green

Commercial Vehicle Group , Inc.®| All rights reserved odgeraly vofiso . 27




The product and service portfolio will grow significantly in future:
Numbers refer to growth between 2017 and 2021

4 (% 44,

Digitization of the Introducing a

existing product new digital
portfolio product portfolio

42 380

Other digital
services to
external
customers

Big data analytics
services to external
customers

Source: PwC 2016 Industry 4.0 Survey

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Confidential Green

Commercial Vehicle Group , Inc.®| All rights reserved 28




US Department of Defense: By just creating and using the same solid
model to integrate design & manufacturing:

Case 1. Lockheed & two major suppliers Honeywell and
Rockwell Collins

- Annual recurring saving: $22M
- One time saving: $9M
Case 2: 10 additional US defense contractors
- Annual recurring saving: $48M
- One time: $28M

(Source: Dr. Greg Harris, Auburn University, Former employee at US Army Manufacturing R & D)

OPERATIONAL EXCELLENCE LEAN 6-SIGMA Confidential Green

Commercial Vehicle Group , Inc.®| All rights reserved - 29




Blueprint for digital success

26

Map out Create Define the Become a Transform Actively plan
your Industry initial pilot capabilities] Jvirtuoso in data  into a digital an ecosystem
4.0 strategy projects you need analytics enterprise approach

5 & 6

PLEX and Siemens PLM will
Source: PwC 2016 Industry 4.0 Survey be our backbone

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Confidential Green

Commercial Vehicle Group , Inc.®| All rights reserved ot / 30




Enterprise Information Systems

Michigan City PLEX enabled

1.

2.

EDI publication of CVG
demand forecast

Digital invoice & payment w/
suppliers

PLEX: CVG ERP/MES/SCM / CRM
Siemens Teamcenter: CVG PLM / MES

Vertical

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Commercial Vehicle Group , Inc.®| All rights reserved

)/ Gary Hamberg
CRM

>
KMP / NC State: Condition-Based
Maintenance in welding & painting

Concord / Chillicothe / Ohio State:
Real time inventory tracking /

production reporting

Northampton: Real time production
data report and display




Nine Enabling Technologies of Industry 4.0

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Commercial Vehicle Group , Inc.®| All rights reserved 32
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CVG Digitized Visual Factory Examples

Northampton real time data Chillicothe electronic delivery of
collection & display work instructions and updates

200 SERIES ‘ MINUTES LEFT ‘ 07/06/2016 11:02

200 SERIES WORKING

SHIFT LIVE LIVE
TARGET TARGET ACTUAL SCHEDUL

189857

spEEEiiEEiszazaes|m

g8
EEEEEGTERE59890¢ET

83 25 23

PROD REMAINING | ARREARS
ARREARS ARREARS BUILT TODAY

4 0 4 1l . I

MINUTES LEFT: 210 20/01, 17 13:25 ' ‘:‘ 2
WORKING SN o
'y 4 b i U
PANS XL XH 200 SERIES ! iy L L) . ”m . l||” !
TODAY ARREARS TODAY | ARREARS TODAY | ARREARS TODAY &> ~ )
0/0 208/ 0 0/0 [ /0 0/0 | B/0 1/1 60 /71 ) . bl |
B . |”" .Jl Il e |
500 SERIES 800 C CKD D-SERIES 800 B e .
/o | 37 oo
H‘r,
0

TODAY ARREARS TODAY ARREARS TODAY | ARREARS
2 0 0

32/3 14/15 /0 136 [ 44 /0 0/0

OFFICE 411711 T-SERIES
'ODAY ARREARS TODAY 1 ARREARS TODAY ARREARS
45/9 [ 67 /13 0/0 | 105/ 0 0/0 5/28

SWEDEN SCM COMPACT 100 LANSING M-SERIES
TODAY | ARREARS TODAY ARREARS TODAY | ARREARS TODAY ARREARS
8/0 39/3 0/o0 79/23 132 /0 | 222 /81 o/o | 56/ 19

TODAY ARREARS

248 / 13 1282 / 334




Digital Design /
Product:

1. Align PLM system to
Siemens

Move from 2D to 3D
solid model-based
definition

W

Product upgrades/

new designs ready for
digital factory

Concept to finished
product logistics
processed with
corporate-wide
uniformity

e T I e | o [ |

et - " Vo B A "
o] AB U T | it (v s St e el | (0 et mte | B et danstn | (L W e

3D featured or model based models are foundational to enable
downstream virtual simulation of products / processes / systems

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Confidential Green

Commercial Vehicle Group , Inc.®| All rights reserved 34




Digital Factory:
1. Digital simulation of

production & process e

pI annlng Placi Floor. Acma Shop Flooe Status € g;;:m
Real time data [ : - —
collection and display [ oo = = .
Automatic / real time m - r =

mm w0 '

data consolidation and
data mining

Bowicsna O ygi0.130)

== ﬂ;ﬂ‘i - jEDf

Connectivity of -.-g . - j’|
d . R ry]_ h JD‘ as o O] PR Eno wﬁog | &m l’.' ©
evices within eac T———— .

plant and with the
enterprise SyStem Dispatch List (Calendar Enabled) %

Vorkcanter: | Multiple M Workeenter Group #  Workeenter Building

b
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Calculated | Scheduled | son / Open
Due Setup Time | Idle

Part No Op Start Date | Finish Date Op Start Op Due | Update | Reschedule| Date Status | Oty Prod| Bal | Reqd Reqd Hours
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Real Time Data Driving Actions
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Digital
Transaction:
1. EDI demand

receiving from
customers

Digital invoice to

customer

Digital market
Intelligence

EDI publication

of CVG demand
Digital payment
to suppliers

Seamless Data Exchange w/
Suppliers & Customers

OPERATIONAL EXCELLENCE LEAN 6-SIGMA

Confidential Green

Commercial Vehicle Group , Inc.®| All rights reserved S = 36
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Manufacturing & Design Division

11:55 am

12:10 pm
12:25

12:40

12:55 pm

1:00 pm

Agenda

Scott Tee-up
Quick Overview of Purpose and Objectives of Webinar

High Level Overview of the Evolution of the Current and Near Future
State in Industry

JLack IFeng—lmplications for ISE’s at the Company and Plant
eve

Paul Cohen--ISE Research Implications

Scott: Closing Comments

Adjourn

i@ Edward P. Fitts
. Department of

Industrial and Systems
Engineering



Manufacturing & Design Division

SMART MANUFACTURING
RESEARCH

Paul H. Cohen

Edgar Woolard Distinguished Professor
Edward P. Fitts Department of Industrial and Systems
Engineering
North Carolina State University
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Manufacturing & Design Division u I

* Drivers

* What are others are
doing?

e Research directions

* Are we preparing
the industrial

engineering
workforce.

o Edward P. Fitts

" Department of
Industrial and Systems
Engineering
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Manufacturing & Design Division

Digital Intensity
®

Fashionistas Digirati
® Telecom
B Tavel & [ High
Hospitalit Technology
y

o .
® Retail "~ Banking
Consumer

Packaged
Goods

[ .
Pharmaceuticals

[
Insurance

Aaricult . Manufacturin
g Adriculture g

Beginners Conservatives

Transformation Management Intensity

MIT Center for Digital Business, 2014

Digital Intensity

Digital Intensity measures how
advanced digital initiatives are within
an organization. This includes
investment in customer experience,
operational processes, business
model transformation, as well as
digital capabilities.

Transformation Management
Intensity measures senior
executives' capability to drive change
throughout the organization. This
includes creating and
communicating a clear vision,
establishing governance
mechanisms, facilitating cross-silo
coordination, and building a digital-
Edward P. Fitts

ready culture
0
LQ Department of

Industrial and Systems
Engineering
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&|ISE Confirm Smart Manufacturing Center

w

Manufacturing & Design Division ( I I d )

Hub 1: Hub 2: Hub 3:

Virtual Cyber Physical Self-Aware
Industrialisation Manufacturing Systems | Manufacturing Systems

. Secure product traceability/ process tracking

Product - Machine Communication Systems

Spoke 1: =
Smart Products

Spoke 2:
Smart Machines

s

3

)
1 o8

Spoke 3:
Smart Production

Hub 4: Testbeds and Prototype Lines

Ensuring Manufacturing Supply Chain Trust |

Spoke 4:
Smart Supply

_®
(=)
;.7‘% Smart MES Systems




P/ 1\N

w

Manufacturing & Design Division

Defining CESMII'S R&D Portfolio

To facilitate implementation
of new manufacturing
solutions and integration of
operational technologies and
information technologies
(OT/IT), CESMIl will
accelerate early-stage

R&D in'ways no company or
industry can do alone.

The CESMIIR&D Portfolio
will simultaneously address
knowledge gaps and
advance innovation in SM
technology, processes, and
workforce.

&lISE Clean Energy Smart Manufacturing

Innovation Institute (US)

Research

Technology
Development

Product
Integration

Market

Implementation

Early-Stage R&D

+ Advanced sensors

+ Models and computational tools

+ Data structures and configurations
+ Process controls

+ Hardware

+ Software

Early-Stage R&D

+ Reference architectures
+ System configurations

+ System models

+ Interoperability standards

Early-Stage R&D

+ Security requirements

+ Human-technology interfaces
+ Data management

+ Process models

+ Business change management
+ Workforce skills development

Industry driven.

Emphasis on
energy savings
(funded by
DOE).

Emphasis on
process
industries.

. Edward P. Fitts
" Department of
Industrial and Systems
Engineering
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@IISE  Smart Manufacturing Research

=255 The convergence of the digital and physical worlds

* Smart Products and Design
* Product traceability
e Communication and product
reliability
* “Design made simple” and DFM
* |loT platforms

* Smart Machines
* Process modeling, reduced order
modeling
* Sensors and control for process
optimization and quality
monitoring

* Self-aware machines that predict
when maintenance is needed.

* Process analytics and machine
learning
* Process control and quality
* Maintenance

Lo b

Cloud Computing

T Fog Computing
Edge

Where does data reside?
Interoperability?
How are communications accomplished?
Security?

0
l@ Edward P. Fitts
- Department of

Industrial and Systems
Engineering



e 1he convergence of the digital and physical worlds

&IISE Smart Manufacturing Research

* Smart Production Systems
* Real-time scheduling to reduce

. . . Cloud Computing
energy consumption, maximize | [ [T
machine up-time and meet due
dates. 2 P ~N
* Reconfiguration of production ¢ o) ¢~) @)
SySte ms. T T T Fog Computing
* Predictive anomaly identification and -
resolution. N B
e Can project errors or delays and A ~ W
seamlessly formulate measures to f IR =
revent incidents from occurring. '
Self-aware) ,
. Where does data reside?
* Smart Supply Chains Interoperability?
* Real-time linkage and incorporation  How are communications accomplished?
of customer demand forecasts. Security?
* Manufacturing as a Service (Maas)
. Modglmg of trust - iﬁ Edward P. Fitts
 Architectures and algorithms to ensure . Department of
fairness and participation. Industrial and Systems

Engineering



&IISE Industry 4.0 — Competence Center
T
M:n‘uf'a;uring&Design Division (H a n Ove r’ G e rm a nY)
Logistics Process Technology
— organization of production networks — forging processes
— decentralized regulation of (e. g. flashless precision
production in networks forging)
— secure flow of materials — hydro forming
— efficient logistics — hybrid forging (massive, sheet metal)
— efficient use of resources — process chain forming technology
— multifunctional tools
Production Automation — the cost-effectiveness of process chains
—industry 4.0

— distributed systems

— wireless communication

— automated guided vehicle systems
— intelligent systems

¢ Edward P. Fitts
* Department of
Industrial and Systems
Engineering
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#I5E  Confirm SM Competencies

Data Analytics

Artificial Intelligence

Predictive Modeling

Decision Analytics

Product and Process
Modeling

* Enterprise Modelling &
Simulation

Software Systems
Human Computer
Interface

Security & Integration
Networking Systems &
10T

Sensors

Robotics & Control
Material Processing

i@ Edward P. Fitts
. Department of

Industrial and Systems
Engineering



Manufacturing & Design Division

Skillsets for Industrial Digital Engineers

I ISE Core Industrial Engineering Skills with Sensors + Information + Computing Skills

¢

CAD/CAM/PLM
Digital Design, Analysis and
Simulation Tools; BOM
Management

ﬁ 2NSOr DINUIC
\/ Sensor Hardware; Control
Algorithms; Communication
Standards; Factory
Integration; Embedded

”n

\ / 2cess Intelligence
Identifying KPI/KSI;

Predictive Maintenance;
Process Optimization

O Manufacturing

Viachine Learning
Big Data Manipulation;
Statistical Tools; Data
Mining; Forecasting;
Decision Making

Fog and Cloud
Computing
SQL/NoSQL; HDFS,
MapReduce; Hive; Pig;
Building Dashboards;

¢

Data Visualizati
Charts and Infographics;
Data Representation and
Transformation

Processes Analytics O

Discrete processes, Datg mining, Quality,
continuous processes optimization

0
m Edward P. Fitts
- Department of

Industrial and Systems
Engineering



"SE Conclusions

* Research
* Projections of needs are not in harmony.

e Large centers internationally are not in agreement of
needs.
 However, it is clear that ISE’s should play a large role.

e Education

* |s ISE education adequate for this challenge....probably
not.

e Organizations are just not organizing to identify the skill
sets and these must be translated into courses and

programs.

¢ Edward P. Fitts
*  Department of
Industrial and Systems
Engineering
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WHEF & SYSTEMS
NP ENGINEERS

National Network for Manufacturing
Innovation(NNMI)
President Obama’s 2013 and 2014 State of the Union Addresses

|

73\

0% ¢«
|

WRA sosc:
America Makes I a c m I
Additive Manufacturing Digital Manufacturing - eceee
3DPrinting Chicago, IL-2014 Composites
Youngstown, OH-2012 Knoxvile, TN-2015
Power AMERICA ’A‘I I ft
WBG Semiconductors Lightweight Metals
- NCSU - Rakeigh, NC-2014 Detoit, Ml - 20 14

® COMPOSITIS @
I ml Tha Institute for Advancecd Lomposites Manufacturing Innovation
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WEEP & SYSTEMS Agenda ey

Manufacturing & Design Division

12:00

12:15

12:30

12:45

1:00 pm

Scott Tee-up
Quick Overview of Purpose and Objectives of Webinar

High Level Overview of this Abstraction

Jack Feng—Implications for ISE’s at the Company and Plant
Level

Paul Cohen--ISE Research Implications

Q&A and tee up the rest of the Series

Adjourn




TRANSMET CORPORATION

" :.. RAPID-SOLIDIFIED METALS
[~ > FLAKES + FIBERS * SPHERES * OTHER

* "SHAPE MAKES A DIFFERENCE'™

Questions

OJ THE OHIO STATE UNIVERSHY
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A@BA INDUSTRIAL Upcoming Webinars from Chapter

WHEF & SYSTEMS #1
NWP” ENGINEERS

Nov. 6, 2018 Service Systems “4.0”—Service
Systems Engineering and ISE

L Penn State IME Dept. Service Enterprise Engineering From Systems to Services:
Advisory Board— overview of Service Systems an I ntroduction to
Engineering and the new IISE Award

Service Systems Engineering

U Michael Caesar, Executive Director, Data and
Implementation Science, University Health Network,

Toronto, Canada—Heathcare 4.0 / IMPLEMENTATION SCIENCE
O David Poirier, CEO, The Poirier Group, Toronto, o =
Canada—Enterprise Shared Services 4.0 the heatth system [ E.1

Portfolio, Program & Project Management
Lean SixSigma & Quality Improvement
Agile & Scrum Approaches

§§ z g 5; >2- Business Ané\ysus Agile
mer B 23§ < 2 Process Engineering Scrum
4 R E &":‘_T"r. ECONOMEES OF SCALE JOINT VENTURE %g g Change Management CSorum O
%up -{Auuxfég E %E&%E Benefits Realization & Value Measurement } )
SAVINGS I F){ ) g a t
5 'SHAREDE £ %4 w
il
FRONT OFFICE ™ RESOURCES _E-HAHHJ SH{\.IL CENIHLU agwﬁggi m y
ADMINISTRATION S S8
» Ny O
SHAREDSERVICEORGRMLTE[)!NN ’ ESO%%E
] "evoaq OUTSOURCING Pl
; 5 SHARING 48 BACK OFFICE
N % S 5
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B e
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dah iousTriaL The “Industry Track”
WHEN & SYSTEM
NP’ ENGINEERS Or|and0 May 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

& ANNUAL

CONFERENCE & EXPO 2019

May 18-21, 2019 = Rosen Shingle Creek Hotel ® Orlando, Florida

Home Registration Schedule Program Hotel/Travel ibi University Sponsors Join IISE



‘ INSTITUTE OF
E;;L':‘EYUSSTTE'}*J,’;L The “Industry” Track for
e Orlando 2019

And, in addition to those 24 Practical, Pragmatic Presentations by hand-picked
presenters on topics ranging from habits of highly effective Young
Professionals to Smart Manufacturing and Physical Internet 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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AEEA INDUSTRIAL So, First things First, take some
\!F}?N%TEETEEJ}"S time out and invest in yourself

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 45 IISE Conferences and the

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




