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The Problem

Top Challenges in Implementing Industrial Transformation
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Hiring the next generation of skilled 24% | ’
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T h e m O St S i g n ifi Ca n t b a r ri e r to Scaling quick wins to cross-functional 27%°

programs and use cases

industrial transformation and
Smart Manufacturing is the
lack of a trained workforce.

Finding the right technology partners

Frontline and plant management buy-in

Education of Industrial Transformation
and latest technology landscape
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Contributing Challenges

* High retirement rate of experienced workers
* Lack of SM education in college programs

e Lack of short-term SM courses for incumbent
workers

* Lack of low-cost industrial teaching tools to
make hands-on learning experience affordable

e Lack of instructors with skills to teach SM




Solutions Strategy

* Low-cost industrial teaching tools to make
hands-on learning experience affordable

* Industry vetted micro-credentials provide
guidance for modular curriculum and basis

for competency-based assessments

* Instructor Academy with modular courses
based on micro-credentials
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Instructor Academy
becomes a hub
for SM Skills in the region

SM Learning System used to
teach lloT and SM skills




CESMII Project

Scalable SM Workforce Development Community Model
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Project Elements

* Regional College & Industry
Network

« Smart Manufacturing Workforce
Center at TAMU

 SACA Industry 4.0 Courses

 Accelerated Assessments

* Virtual Reality Software

« Teacher Training Academy at —— ¥
TAMU J 4 AMATROL
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Regional Smart Manufacturing Network

* 5 College Systems/1

Campuses Ed A A
I~ Texas State
» 20 Industry Partners Technical College .

« Steering Committee
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Industry Needs Verified

Conducted Industry Survey of key competencies needed in Industry 4.0 with 52 Local
Companies

Q: What Industry 4.0-Related Occupations Currently Exist?
 Top Occupations

* Production Operator

« Maintenance Technician

« Quality/Continuous Improvement Technician

« Manufacturing/Process Engineer

« Automation Controls-IT Technologist

* Robot/Collaborative Robot Technician

Q: What Industry 4.0-Related Occupations Are Emerging?
* Industrial Data Analyst
« Production Mobile App Developer
« Virtual Reality/Augmented Reality Developer
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Industry Needs Verified

Conducted Industry Survey of key competencies needed in Industry 4.0 with 52 Local

Companies
Q: What Industry 4.0 Skills Sets are Q: What Industry 4.0 Skills Sets are
Most Needed for Operations? Most Needed for Maintenance?
« Top Skill Needs « Top Skill Needs
« Level 1 Industry 4.0 Operations * Electrical/Electronic Systems
« Monitor Dashboards  Programmable Controllers
« Operate Computer-Controlled * Process Control
processes * Robotics
« Use mobile devices « Emerging Skill Needs
« Operate robots « lloT and Smart Devices
« Level 2 Industry 4.0 Operations * Industrial Networks
* Interpreting Metrics « Data Acquisition

« Use Networks
* Analyze Production Data
« Emerging Skill Needs
* Cyber Security
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Smart Manufacturing Center at Texas A&M

« Ongoing Development
Testbed
* Instructor Academy



Smart Manufacturing Center at Texas A&M

« Ongoing Development
Testbed
* Instructor Academy
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Virtual Reality Software

 Reduces lab costs

* Enables practice
anytime/anywhere

« Expands student
hands-on




Virtual Reality Software Demo
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True Digital Twin

Enables data analysis
“‘what if”

Demonstrates
iInteroperability

Digital Twin with SMIP Link

Physical

Twin

Amatrol's MS1 cart

Allen Bradley PLC

Bi-directional flow of
information

KepServerEX
OPC UA Server

& kepware
W KEPServerEX

Digital

Twin

Digital model in Unity

|| Virtual PLC in Siemens TIA

portal

NetToPLCSIM Tool




The SM Interoperability Platform

Teaching use of lloT connectivity, cloud platforms, and information models for interoperability

loT Platforms Workflow Al Engines New Apps/ PLM Integration Enterprise
& Apps Innovations Integration
@ (_,} inductive " %\mw IBM |ﬂt09l‘8ted App"uﬂom:
S oo Elos T Consume data & use Workflows
Rockweoll -
mesh. §SAS CANIGERT @ pfc [ in data-centric fashion

€, ThinklQ Ny TULIP i SIEMENS

¥

SM
PROFILE

SM Core Platform CESMII Open Interface:

. Enables all applications to grab data
Ingest, contextualize and store data from a common platform

¥

M
PROFILE

Etc.

CESMII Open Specification:
SM Edge Each layer implements Smart
Collect data in-context, buffer and transmit it to core services Manufacturing concepts designed &
f developed by CESMII & open to any vendor
(4

M
PROFILE

Unstructured Data Smart Devices Human Input Automation Systems Manufacturing Software Systems

5{ qﬂ ((®)) @ &= .ﬂ @ . % % @ ofie Manufacturing Operations

Audio Vid C/T Sensor VFD Wearable Manual Data Robot Machine Tool DB/Historian HMI/SCADA Mfg Software
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True Digital Twin

Enables data
analysis “what if’

Demonstrates
Interoperability

Digital Twin with SMIP Link

A Cart1

# > Sandbox > Amatrol > Mechatronics System, 3 Carts > Cart 1

= Cverview

Inputs =

Cycle Time

O Attributes (2) </ Scripts (0) =2 Relationships

Attributes

(2 of 2)

All inputs to Cart 1, delivered as an... | int &0

81+

Cart, Mechatronics

£ Material

Parts Rate , 12.00

Raw Material 00
Raw Material Delivery Delay , 5.00

Model Explorer @

Instances Types Attributes More *

¥ @ amatrol
~ | Mechatronics System, 3 Carts
v Fcart
v Control Panel
J PB1 Start
# PB2 Stop Halt
#2551 Cycle Select
A PB3 Output Power
# Emergency Stop PB
4 Main Power Switch
# Pressure Regulator
v Part Feeder
¥ # Cylinder, Feed Part
& FCv1 Cylinder Extend
# Fovz Cylinder Retract
# H51 Cylinder Retracted
# H52 Cylinder Extended
4 DCV1 Part Extend
# PE1 Feeder Empty
¥ Part Gripper
4 DCV2 Vacuum On Off
V51 Vacuum Made

# Vacuum Gripper




Training & Assessment Alignment

Smart Pressure Sensors '3
[
% Objective 1: Describe the Function of a Smart Sensor

Smart Sensors Benefits

]
* Industry 4.0 SACA online
[
- = Smart sensors ensure better accuracy
by processing and digitizing signals and
S O r ‘ O l I rS e S a I l I e WI then transmitting them as data. The data
transmitted through a network is also

checked, which  further  ensures

accuracy

.
local industry needs surve s oo e g
benefits over standard sensors. Some of
the most notable Include:

Self-Diagnostics

 Online multimedia courses S
from Amatrol

« Competency-Based |

« Meet SACA Silver and Gold
Credentials

 Embedded Hands-On
Exercises
P | e oo D68 T R IR

* Interactive with simulation o o] S

Scene 3 will load with an empty
ladder logic program in the Logic
Program Workspace.

Basic Robot Operation

There are many dferent types of robots
with four prmary witys 10 classdy them

« Stabionary or mobie
* N of anes
* Type of mation
* Sorvo or non-servo

This scene contains a single
motor and an operator panel with
two pushbutions, NO pushbution

1 and NC pushbution PB2
Graphic 1

The VO disgram for the scene is
shawn in the graphic. Graphic 2

2: Pertorm the following

substeps 10 enter and operate 3

program that uses inlemal input
ind output instructions.

A: On Rung 1. enter two NO
contact instructions and an
Output instruction

8: Enter a branch onto the
rung around the second NO
contact instructon

C: Add a normally open
‘contact instruction to the
middle of the branch

The program should appear
similar 10 the graphic.

D: Enter address In_1 to the
NO contact instruction on the.




Training & Assessment Alignment

* Industry 4.0 SACA online (((.
short courses aligned with i) A EA
local industry needs SMART AUTOMATION CERTIFICATION ALLIANCE
Survey Wy i i e
 Online multimedia courses gy Dasic Orsamons
from Amatrol

?‘”N e
* 5ACA
SMART AUTOMATION CER N ALl

INDUSTRY 4.0 CERTIFICATION

Fs :
7V o/- W

- Competency-Based 3 el | -
« Meet SACA Silver and T 4.0 © EETIREATION
Gold Credentials

° E m bed d ed H an d S'O n C-101 CERT;-‘IED ISDUSTRY 4.0 ASSOCIATE
EXQ I’C | S e S ST ASIC UPERATIONS

* |nteractive with simulation




H>ALCA

SMART AUTOMATION CERTIFICATION ALLIANCE

C-201 Electrical Systems 1

C-202 Electric Motor Control Systems 1
C-203 Variable Frequency Drive Systems 1
C-204 Motor Control Troubleshooting 1
C-205 Sensor Logic Systems 1

C-206 Electrical System Installation 1
C-207 Programmable Controller Systems 1
C-208 PLC Troubleshooting 1

C-209 Pneumatic Systems 1

C-210 Mechanical Power Systems |

C-211 Industry 4.0 TPM

C-212 Ethernet Communications 1

C-213 Smart Sensor & ldentification
Systems 1

C-214 Smart Factory Systems 1

C-215 Robot System Operations 1

C-216 Robot Systems Integration 1

C-217 Smart Manufacturing
Fundamentals

C-218 Smart Manufacturing Data
Acquisition

C-219 Smart Manufacturing Visualization
and Data Analytics

C-220 Smart Manufacturing Cyber
Security

C-257 Process Control Systems 1

C-258 Process Control Troubleshooting 1
C-302 Laser Shaft Alignment 1

C-303 Electric Motor Troubleshooting 1
C-304 Pneumatic Troubleshooting 1
C-305 Industrial Electronic Systems 1
C-306 Industrial Electronic Systems 2
C-307 Electronic Systems Installation 1
C-311 Data Analytics 1

Industry 4.0 Micro-Credentials

C-308 Variable Frequency Drive
Systems 2

C-309 Programmable Controller
Systems 2

C-310 Ethernet Communications 2
C-312 Robot Systems Integration 2
C-313 Smart Factory Systems 2
C-351 Predictive Maintenance 1
C-356 Process Control Systems 2
C-358 Autonomous Mobile Robot
Systems 1

C-359 Programmable Controller
Systems 3

C-360 Motion Control Systems 1
C-361 Programmable Conveyor
Systems 1

C-362 Machine Vision Systems 1
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Training & Assessment Alignment

* Online assessments
for accelerated
learning in SACA
credentials

« Aligned with online
multimedia SACA
courses

« Custom Prescriptions
for filling training gaps
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SM Instructor Training Academy

_ _ Course 1: SACA Silver Certifications
* Site Location

« Texas A&M University
12 Courses

e Courses 1-5 Process

Course 2: Introduction to the SACA Certification Library
Course 3: E-Learning Courses for SACA Silver Certification

Course 4: SACA Pre-Assessment for Accelerated Learning

« Courses 6-12 Smart Technology Course 5: SACA Gold Certifications
« Hybrid Option Course 6: SACA C-212 Ethernet Communications for Smart
e Courses 1-5 ManUfaCturing
* 4 Hr. Virtual Synchronous Course 7: SACA C-212 Ethernet Networking for Smart
» Courses 6-12 Manufacturing

* 4 Hr. Virtual Synchronous
« 15 Hrs. Online Self-Paced
e 4-20 Hrs. Hands-On Course 9: SACA C-214 Smart Factory Operation 1

Course 8: SACA C-213 Smart Sensor and Identification Sys. 1

Course 10: SACA C-214 Smart Factory Virtual Reality Learning
Course 11: SACA C-214 Smart Factory Integration
Course 12: SACA C-214 Smart Automation Data Dashboards

e



Instructor Training Academy

e Conducted 13 Workshops
« 25 Instructors Participated
* Piloting with Students




Re-Usable Project Outcomes

Virtual Reality Software available nationwide
 Future goal: certification testing.

Texas A&M University Smart Manufacturing Center
« Ongoing research and support for community college/high school instructors

National Instructor Academy at Texas A&M
« On-site and hybrid training access or replication in other communities.

Online Smart Manufacturing SACA Certification Courses available nationwide
« With VR digital twin

Computer-Based Assessments available nationwide
« Accelerate incumbent workers with prior knowledge.

Smart Manufacturing Community Model Playbook available nationwide
* to assist communities in replicating the Texas A&M model.

e



CESMII Project — Next Phase

SM Credential Aligned College Instructor Academy

_ R

Instructor Training Academy

+ SACA Certification-based Courses

 Collaborative community network

» Hybrid online and in-person

* Hands-on options on Smart Factory, SM
Learning System, and Digital Twin VR software

» Training Assessment can fast track worker
learning

) |

m‘l AMATROL|
L\

TEXAS A&M

UNIVERSIT Y.

szcesmir - SACA

THE SMART MANUFACTURING INSTITUTE SMART AUTOMATION CERTIFICATION ALLIANCE SM Lea rn i ng

VR/digital twin
System software
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