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® Steam power

. ® transformed nearly every
industry

® transportation and energy
® connected businesses

- Courtesy John Lienhard, Univ. of Houston
I N “Engines of Our Ingenuity”
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_Powering the next industrial revolution <

® The loT enables us to, Intelligence flows | e e
) back into machines
® Acquire data
. ® Analyze data
' @ Understand data
® Act upon data

Extraction and storage
of proprietary machine

data stream

PHYSICAL AND
HUMAN NETWORKS

INDUSTRIAL
DATA SYSTEMS

SECURE, CLOUD-

across the supply chain Data sharing with | saseoNerwoRs

the right people
and machines

Machine-based
algorithms and

: data analysis

®1s this useful for the
| 1 -CompOSiteS SU pply Chain? E::‘?;:LT:E%UATA

_!\a bt BIG DATA ANALYTICS
y Source: General Electric
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Movmg fast with loT

® High volume manufacturing relies on moving fast with cost
targets while achieving uniform flow, cure, etc. in spite of

v Va rl a 1__| O n S ; Mapping of Recent Strategic Alliances in the Automotive Industry
Related to Carbon Composites
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Fiber production Preforming
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Infusion d

Courtesy ORNL CFTF (Cliff Eberle)

Collaborate with Uday Vaidya, UTK
Composites supply chain -

V.

n-line diagnostics of tow form Data analytics for preforming RTM flow and cure state monitoring _




How do we enable loT
to enable high volume manufacturing
when sensors/models/data are high volume?

¥



Build on
connected

and secure

latforms...



The pervasiveness of connectedness

- THE INTERNET OF THINGS

l _ AN EXPLOSION OF CONNECTED POSSIBILITY

In 2020, our
students will

graduate to

50B devices
connected
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In 1994, | got my BS
and we were

evidently living in
the loT “stone age”
\ _

1OF
7 -Z;‘LU iy
s S .F*‘; )

23 ok (@

_Mamuon G




loT — Accessible and pervasive

® Connectivity '
' 'BM watSOI"I lOT ® is transforming society, {
industry and our behavior .

Platform

® $14T to global economy 2030
® http://iotworm.com

80 - Total Acceleration




. Low-cost fiber

- Fast processing resins
+ User-friendly forms

Insertion
Points

]
:

* Rapid composite
CONVErsion processes

+ NDE/repair Manufacturing (Vehicles, Wind, CGS)

* Recycling L
Sub- 1 Full 1
- ' scale Scale
- Cost-efficient part design

* Joining
 Manufacturing simulation  JEVIENTQERTEIT BTG 1 |
* Materials database

[Lab
Scale

Technology Readiness



. Low-cost fiber

Sensors/ _ |
models/ | Fast processing resins
1 data + User-friendly forms
| [nsertion
4 _
: Rapid Composite Points
Sensors/ CONVErsion processes
models/ |- NDE/repair Manufacturing (Vehicles, Wind, CGS)
data » Recycling ]
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Example of connectivity -

integrated, validated simulation tools

s S N

- Simulation provides a E.Eﬂﬁ.m - Finger tip access to
foundation for - HUB composites simulation
revolution in composites e TABRET tools anywhere anytime
. § *Tool evaluator (TML) *Elr:::rnr:hasad ) ; ;
: design, manufacturing jliime o Sin i on any devices including
3 and qualification Vabicl hare smart phones (HPC
| Tibeuade resources in the cloud)

“ The i'T:Z._:,.E part with relationsh p ID rldS was not found in the Tile PURDUE The mage part with relationsh ] ID rld5 was not found
” in the file.
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Purdue’s Composites HUB Tools for enabling lloT
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- Purdue’s cdmHUB and cvfHUB will put integrated and validated ol

simulation tools in the hands of subject matter experts COMPOSITES
| and Tier |-l suppliers DESIGN &
a3 - cvfHUB: Deliver a comprehensive suite of commercial simulation MANUFACTURING
B tools for center of excellence project teams ““B

| Integration of many major commercial simulation tools
| . Tool training mﬂtiminl
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New tool Validated
M |d development Secure data
| oldex3D
7 e ' MOLDING INNOVATION L Vehicle teams J
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Example of connectivity -
manufacturing equipment

Courtesy IACMI - NREL COMET facility




Solution
spinning :
line Carbon Fiber
Technology

Facility
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The image part with relationship ID \/
” rld15 was not found in the file.

Collaborate with NREL, COMET facility
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2D/3D >S Tool > Vacuum Tuﬂland preform ; S . -
preform loading > bagging >> heat-up >> Infusion > Curing >> Final part
§ 0
Resin .
o [ infiltration ] [ - ]
)
Credit: Ogale, Amol & Schlimbach, Jens. (2011). Quickstep: Beyond

2 ' pud Out of autoclave curing. International SAMPE Technical Conference
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Thermoplastic Composite Development for Wind Turbine Blades
Collaboration of 11 Industry Partners — Partnership = Opportunity for lloT \/
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Uncertainty quantification analytics for
energy consumption in injection molding (VU/Mahadevan) S

®|oT enables powerful 3 - o —
analytics such as Bayesian ‘jéﬁi

. networks to quantify process =v b
~uncertainties. M E X ¥

____________________________

Source: http://www.maximintegrated.com/en/app-notes/index.mvp/id/4717

————————————————————————

| Melting Energy consumption
i : EC of Melting EC of Injection EC of Cooling
------------- | process process Process
i Uverall Energy
: Consumption '\i/
| : EC of Overall =
o ' process

Bayesian Network

Nannapaneni et al, ASTM SSMS, 2017



®|oT enables powerful
analytics such as Bayesian
networks to quantify process
uncertainties.

Prior and Posterior of density of polymer
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Uncertainty quantification analytics for
energy consumption in injection molding (VU/Mahadevan)

— Prior

— Posterior

-  True

— Mean of Posterior

/

| . F
\a - 0.00
Q10 g75

L[

985

990

’-. INJECTION MOLDING MACHINE -
HHHHHHHHHHHHHHH oD
i .-_I'_
Cas /
REL  HNOZZILE ~ MOVEABLE PLATEN
e INJECTION -l CLAMPING ——|

Source: http://www.maximintegrated.com/en/app-notes/index.mvp/id/4717

Energy consumption

EC of Melting EC of Injection EC of Cooling
process process process
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process

Nannapaneni et al, ASTM SSMS, 2017




THE FOUR INDUSTRIAL REVOLUTIONS
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Credit World Economic Forum I I o' I i
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Imagining the
future!

loT In

Manufacturing
&

Mobility
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