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‘SMART PRODUCTS are Cyber Physical Systems integrating Internet-based Services’
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Industrie 4.0: Acatech, Germany, April, 2013
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+ Product is part of the network W™ | KD \
\ = | = ,I =
II'- if( <\?\>- E t‘h“\ll\ 3
; /f.é.*{rf\ N
Smart [
Pmuc:s i&?\_\_ \!/-@

: Fumihiko KIMURA: P 13

Industrie 4.0: Acatech, Germany, April, 2013

Vertical integration :
and networked
manufacturing systems -

g

B
- &

Source: Siemens 2012

2017/10/24 : Fumihiko KIMURA: P 14
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Industrie 4.0: Acatech, Germany, April, 2013

Tomorrow
TO day Decoupled, fully flexible and highly

integrated manufacturing systems

Rigidly sequenced car manufacture
on a production line

Workstation A Workstation T Workstation 0

Workstation 1~ Workstation 2~ Workstation 3~ Workstation 4 ia‘_—| Vo [ﬁj&\ —baq
=L = 5= N | | B ®

I | ' 1 Workstation X Workstation H

1 (o

Workstation F Wurks\!tiun K
{ ="

Source: Hewlett-Packard 2013 I

Source: Hewletl-Packard 2013

2017/10/24 : Fumihiko KIMURA: P 15

Industrie 4.0: Acatech, Germany, April, 2013

Horizontal integration o I = L

through value netwarks

Source; Sismens 2012

End-to-end - -
engineering T :
across the entire ﬁ | i thmces
value chain roduction
Production engineering

Production planning

Product design and development
Source: Siemens 2012

2017/10/24 : Fumihiko KIMURA: P 16
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Horizontal value
network

Industrie 4.0: Acatech, Germany, April, 2013

»”_"

A
s% g

Factory 2

® @ @ Management and

i I Ma‘ketlnu

Enumeermg Pmductmn

Supniiers and
Subcontractors

Planning

Production Smart Grid
A__ Customers H I%—
e L
External =
I # * Factory 1 in':"nﬁm

Engineering

Cyber Physical Production System

(Prof. Dr.-Ing. Christoph Herrmann, Technische Universitat Braunschweig, Germany)

Cyber Physical Production System

A 4

[ Smart Products ]

— Physical — —
am— ] ] LI\ Digital Twin
(Factory, Smart Data/
Machine, Machine
Process, Learning
Learning...)
[ Industral assistance systems ]
Multi-modal Multi-modal
input presenstation
analysis of results
$ Learn-/ $
Productionmode

Collaboration & Interaction

[DFKI 2012, acatech 2013]
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ARENA2036

ARENA2036

Active Research Environment for the Next Generation of Automobiles

G B

ARENA2036

csi

Graphik: Wermer Sobek Stuitgart Gbt & Co. K6

2017/10/24 : Fumihiko KIMURA:

p

1

ARENA2036

4 Project Phases until 2036:

3 fields of research are organised as projects

Phase 1:
Subsidies federal government: €14m
Own share Industry: €30m
Construction Costs: €30m
Phase 2:

Application in 2016

Complex
modules

CFC lightweight
modules through
functional integration

Holistic digital prototype
in high volume light-
weight manufacturing

Vehicle with highly integrated
lightweight modules in the marke
Urban production: clean, flexible

factory in the neighbourhood

Multi- Muiti- Leamin
functional functional P a
modules modules y

Mass production-
ready
manufacturing

Complex
modules

Agile research factory
and Re-Manufacturing

A long-term oriented research and promotion program provides high planning

security for ARENA2036 partners.

Funding will increase in Phase 2 with future partners and additional projects.

t

2036

- 34 -
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ARENA2036

From fixed conveyor belt stations to scalable, agile process modules ARENAQOSé

Today High degree of automation
"34 ___—— Little line balancing
ey
e, .?1_3
s F Processes adapted to steel (aluminum)
% > 1 i . L
e Final assembly:
- N Ve A .
A Low degree of automation
The VISIOn i I\--"{'iage source: PSA s
Variants n Fenceless factory
Explosion of car e o ntelligent, Z Human robot
model variants configurable cooperation
— T ey |\ robot systems .Lean“, small
Large series light- module | module footprint

weight manufacturing Modular, lean
Process- | Process- | Process- equipment and

> fnodule 1= modilis Huimiodule - IR

AGVs, self-drivable
cars

Manufacturing in agile _
environments Process- Process- Lean material flow
module UCETEN/ Modular control,

& semantic K

integration

Semantic device/

Reconfigurability, cost data integration

effectiveness; LCC

Plug & Produce

ARENA2036
Digital Shadow ARENAZ2036

* Maintain a digital copy of the real world production which permanently up to date and integrates
geometric, mechatronic and production data
« Usage of the digital shadow for forecasts on future processes

The Digital Shadow is permanently up to date, digital image of the real production that is automatically
created and maintained. The Digital Shadow is the foundation for Industry 4.0 in production.




ARENA2036
Agile Body-In-White Production ARENA2036

Agile production Agile means of
Order data I| structures production

i : Planning data
H !,_,E E Agile body in white production of the future:
. t Day 1

054

Planning-/ Control data

«  Wholistic production planning methods
Control of orders
Determining production modules and
connection of production modules Planning
and Logistics

i)

Today product and means of production are statically interlinked and not agile. Future body in white
productions will do away with rigid linking of production and create new degrees of freedom. New planning
methods will allow to use these degrees of freedom to improve productivity and agility.

e.GO Mobile

das Stadtauto
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e.GO Mobile

Webcam: Production site

The series production of the e.GO Life will start in spring 2018 in the TRIWO Technopark, Aachen. The state of North-

Rhine Westphalia provides funding for the construction of the production site under the "Regional Business Promotion”

programme (RWP). Minister Duin handed over the allocation decision of approximately 2.6 million euros. The overall

investment amounts to 25.7 million euros. The TRIWO AG will erect the buildings and rent them to the e. GO Mobile

AG who will establish a model Industrie 4.0 factory there.

On 16,000 square meters, assembly and logistics halls as well as office space will be created in Lilienthalstralie 1, the

TRIWO Technopark Aachen, which is the former Philips site. e. GO Mobile AG's production of the affordable city car

e.GO Life at a price of € 15,900 (before deduction of the environmental bonus) will start in the second quarter of 2018.

"We are proud to be able to start the series production of up to 10,000 vehicles per year in Aachen in spring 2018,

says Professor Giinther Schuh, CEO of the e.GO Mobile AG and adds: "We will create 140 new jobs."

What’s Smart Manufacturing mean for Sustainability?

(o improve efficiency\

* reduce waste

* pinpoint
improvement
opportunities

Better understand
manufacturing
impacts

Try things out
before production | -
» Understand

Virtualization trade-offs
» Simulation + Optimization
+ Continuous * Transparency

improvement

) Work towards

strategic goals

« Evolution and Directions for Sustainable Manufacturing Standards
(KC Morris & Bill Bernstein, NIST, USA)
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] m
m HOLISTIC SYSTEM DEFINITION 5

Technische Universitét Braunschweig | Institute of Machine Tools and Production Technology

Machining
local
Input Output climate

Personnel —
EEIe::?yity EFOCESS . Energetic cooling
* Electrici * Process parameters emisalons heati
. . i eatin

Compressed air Machine type + Exhaust air g need for defined

+ Machine components (e g
drives)
+ Surrounding machine

* Waste heat

production conditions
(e.g. temperature, moisture, purity)

Material equipment (e_g. filtter .
. Raa:'rrI:ateﬁa!s concept, exhaust system) technical
* Coolants Material building waste heat
* Cutting tools emissions Service allocation of S
+ Contaminated : 4 media
splinters/swarf gas, oil, (TBS) {e.g. compressed air,

+ Used coolant electricity LA ] production
+ abrasions of — =
cutting tool L . machines

(e.g. steam,water) i
—'—‘ = i

e
watef] backflow of media

> integrated process model as prerequisite
> on plant level complex and dynamic control system consisting of:
> Production System

electricity

> Machines and Employees as part of production systems for value creation and transport

Planning and Control as task of production management
Technical Building Service (TBS)
> ensuring necessary production conditions (e.g. temperature, moisture, purity)

> allocation of energy and necessary media for production machines

[Hesselbach, J.; Herrmann, C.; Detzer, R.; Martin, L.; Thiede, S.; Lidemann, B., Energy Efficiency through optimized coordination of production and technical
building services, In: 15th CIRP LCE, Sydney, Australia, 2008.]

\4

Positive Impact Factories
(Prof. Dr.-Ing. Christoph Herrmann, Technische Universitat Braunschweig, Germany)

PR Local‘f;',limale —_—

& N Symbiotic Material &

(By-)Product Flows
a
O

q‘?m

( Symbiotic Energy Flows )
)
=L%;=

¥

smartend | (Urban) Factory

oo
oo

&L @

Production Condition Sensors|

| Materials M[ Modular & scatable 185 Flexible Production System | | Products )
1 A
“Waste" (from Scal. Energy Energy & Production || By-Products )
households) & Media Gen.  Media Buffer ) 4
: (l) || Conditioned Media )
["Waste"(from factories}) @ @h :
/ N A Cloud “Waste" (used by other

[ Local Emissions ) HVAC

factories)

u T
| Energy & Media ) A @ || Energy & Media }
: Steam CA A 1> '
'~-S___---' Waste |§
Coolant iea_le ‘ Energy/Media l:_:-.
2 Material } e
E-Gen. Coolant 1€
E-Recov. " ) =
\.,,E_'e_“i,. Condition. ||[FabLaba | New Methods & Tools :aﬂ
n.n. n.n. & Recycling] || Learning Training & Skills| ' &
~— Environm. 1
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Positive Impact Factories

(Prof. Dr.-Ing. Christoph Herrmann, Technische Universitat Braunschweig, Germany)

Energy Transperency in Production

= |dentification of non-value-creating
energy demand

= Effective analysis and evaluation of
energy demand data

= Decision support on the shop floor

= Process best practices to reduce

cost and process times while
maintaining quality

[IWF — mit uns digital, 2017]

Positive Impact Factories

(Prof. Dr.-Ing. Christoph Herrmann, Technische Universitat Braunschweig, Germany)

Power Autonomous Sensor Systems

Miniaturised power autonomous sensor systems
No intereference with the production system
Monitoring of machine data, energy demand, environmental data
Human-machine-interaction supporting energy management and
maintenance

[ESIMA, 2016]

- 39 -




Positive Impact Factories

(Prof. Dr.-Ing. Christoph Herrmann, Technische Universitat Braunschweig, Germany)

Self-Organising Matrix Production Concept

Agent based simulation for system
planning and control

Highly flexible - synergetic use of
the matrix production systems by
different products

Cycle time independent

Large cycle time spreads possible
System stability by redundancy
Products and production processes
are connected and can take
actions

Idea: work packages can be assembled on
various work cells.

B 8 Bt W T e T e o ] B | B [IWF]

Positive Impact Factories

(Prof. Dr.-Ing. Christoph Herrmann, Technische Universitat Braunschweig, Germany)

Energy Flexibility in Production Systems

. A Central energy 1 D Analysis and evaluati
| A1 o1 e
© Central energy and | Realtime
7] manufacturing control reperting
_g logic and
m visualization |
™ P oY
- g
o H Data L
= B Manufacturing system - aggregation
m C H n— ] and [i:]
E o [« I i component indicator Scenario
..E = and decentralized behavier calculation evaluation
> © control 1 b3 )
=& x5 =M =) I3 _ &
= Bl I ) - r
g8 i i T
8| B | | ¢ Energysystem -
—_— :..@ i e (-1} 1} (@T ) (4] ) (cs] = t
Tl® Electricity | | Electricity | | Electricity | | Battery/ | | Compres- Ypanten
t T supply demand balance EVis) sor park evaluation
©
o - >
|l.,|11ht_; - e S——

Align electricity demand of a factory to supply

All planning stages considered in holistic approach

Goal: Real-time manufacturing control through modular system design
tool with energy and material flow dynamics

Multi-indicator evaluation

(i) Real-time control and system behavior model

[Beier et al. 20171
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Positive Impact Factories
(Prof. Dr.-Ing. Christoph Herrmann, Technische Universitat Braunschweig, Germany)

Energy Flexibility in Production Systems

» Industrial symbiosis describes the utilization of output flows (waste) as
resource input to other companies

=  Market place system needs to dynamically connect all resource flows
and decentral data input

= For the realization of the simulation data input from a high number of
physically distributed entities and decentralized computing is required

=  Transport means il —
and companies :
are modelled as
autonomous
agents

N

;*'i&l*pﬁ

Visibility of Feasible Malches
= Successful Matchmaking
= Towards of

/ Elaborated from Low (2015)

DENSO: Compact, Simple, Slim, Speed ® Smart

By YL
(EBEDER - REDR U LiL - WRAE( - RERTZBERE
BEES A2 - LS A2 - /0T

INET

1EEEDFRTIESEIL. D AKEFS:1/6.
BEZEZRTTERAMITEIZLT COMFHE:1/3% %R

HETRBEE (8)75) 2 K0EHH

(Denso)
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DENSO: Energy JIT

[BtHa ]

DEREIC. BRSO
IRILF—4t8

o]

Iﬁ#ﬁ—m BER —
A= P2 I7 —
% 7"2 _)W/I

REDEE

I7.ZHANTOEMH
K VERRIITEIT

(Denso)

SERETONC

- &%
AT L

(EEM]

DERIFIC. HBRTD
IXIF—{ER

] il
| et

£ERE

REDES

-BU®HEER M) E
HET A RILZ by THIE
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[ZLOHIZ

R IERINTICKORETEEDEF
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- BESATH AL EZABHICTEEE

RETEEREY—ILILEREEZ LIZSHIE
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ISO 10303-242: Managed model-based 3D engineering

[ Process Plans ]

[Requirements ]

Coincidence i R
Coincidence |2

2D
draughting

3D tessellated
explicitgeometry

3D parametric

3D exactexplicit
& constr. History

geometry

PMI: Product Manufacturing Information

S
) @ ﬂ
§ S
Ny x c;ﬂﬂ




IEC 62832 Digital Factory
Conceptual layers of the Digital Factory Framework

Layerl

Digital factory
Rules for meta model m

Datastructure
Layer 2 Collection of Data
Elements

Automation asset
class / Type Asset Library

Digital Factory Reference Model

Virtual world

Datastructure :l._n stantiation
Layer 3 e
Digital Factory
Data
--------------- ._ e ; - R e ey
Repr *ﬂts -  digitalized
Layer 4

Physical World

Production system Automation
(Current/Future) Asset

IEC 62832 Digital Factory
Overview of the Digital Factory repository, automation assets and activities

Lifecycle Design
Tools

3) Informationexchange

betwean the Tools and the v

L ——__  Digital Factory Repository =
Digital Factory

2} Establishment of
relationships

1) Establishment of
the LOPs and
attributes

Production System




IEC 62832: Digital Factory
Example of header and body information

Asset

data element
identifier

class
code

Name of the Asset
Name inside the Installation

Installation Date
Status

AAADG3

AABB64

AAC945

AAAD19

— Header

Identifier e.g.
AABOOS

AAB418

AABS29

AACE03 |

AACO019

AAAs29 |

AACS529

\

AAC113 |

AAB305

AAAS530

AABT19

AABS0S |

AACO017

— Body

Construction data elements

IEC 62832: Digital Factory
Example of classifying data elements

Function data

Performance data elements

*Length of the Sensor
Cell

*Diameter of the Sensor
Cell

=Sensor Cell Material

* Weight of the Sensor

*Dimension of the
Housing

* Material of the Housing

*Vibration Protection

* Local Display

*Local Operator Panel

etc.

Signalling
« Linearisation Curve

«Time Stamp Function
« Self Calibration

+ Fail Safe Mode

elc.

| *Threshold Level & Event

«Compensating Function

* Measuring Time

* Cyvcle Time

* Filter Time

* Communication Interval
* Start up Time

* Wake up Time

* Energy Consumption
elc.

- 46 -

Business data =lemenis

* Price
* Delivery Time

| * Rebate

Location data elements

» Location of mainboard
* Location of
communication Board




Example of composite DF asset

IEC 62832: Digital Factory

DF asset

DF asset header

DF asset identifier = 5675-34-34-34-2342

Role indentifier = Conveyor#t1, Line#1, Plant , Area 5
Sarial number =

DF asset class ref. = Conveyor

DF assel body
l :Data Element[10] CDEL [5]
PLC
. Cable Drive Cable Motor
Bottling Ci i
Y Cable#1 [ VDR [ Cable#d Molor#1
Cable Drive Catle Motor
Cable#2 VFD#2 Cable#4 | Moior2
i DF asset identifier 5675-34-34-34-2342
E Role identifier Conveyor#1, Line#1, PlantArea 5
% Serial number
& | DF asset class ref. Conveyor
w
a

Fmmmmm e -

DF asset body

Data element Id 1
Data element |d 2
Data element |d 3

CDEL Id 1

L Data element Id 4

DF assettl

L DF asset 1 description

| DF asset link 1

L DF asset link 1 description

<value>

<value>

(PLC Bottling Conveyor Line#1)

(Link between PLC and Cable#1)

Industrie 4.0 Component | Reference Architecture Model
Industrie 4.0 (RAMI4.0)

Architekturschichten

Industrie 4.0 |
communication

Administration
shell

Asset
e. g. Machine *

Sewrce: IVEL, Martia Hankel (Bosch Resrothh

Digital world

Real

Internet of Things

Criteria for Industrie 4.0

Standard functions
Basic functions that are the same

Business

Functional

Information

Communication

m

4

| =
—\i Security

A shared language (vocabulary and
sentence structure)
Virtual description

ie 4.0 services

_ / regardless of device.
Industrie 4.0 semantics

Industrie 4.0 communikation,
that can map new services.

Identification
Unique labeling of physical things
and data.

(ZVEI: What Criteria do Industrie 4.0 Products Need to Fulfil ?

April 2017)
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RAMI 4.0: Nestability of 14.0 components

14.0-compliant communication (top) =

14.0 component P 3 1

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

T -
[T ——— -

Administration shell < LTS Cee

Component
N manager

Interface<

Asset with
active 14.0 comm,
capability, so that

interfaces
can be
implemented

Asset, e.g.
machine <

14.0-compliant communication (bottom) =

= 14.0 component ‘ 1 = 14,0 component

Administration shell < Administration shell <

./-
Asset, e.g.
electr. axle < |

el

| Assel, eg. |

terminal block

Source : DIN Spec 91345

Case: Drilling Process

Yo
=7 oy

Cutting tool
ﬂ Product
tal factors

Envir
~

4
Resource Data ——0| === i
G Toot : ~. LCIDATA

Cutting Fluld
Energy Censumption

&elmaﬂinl toal . - ‘y

Machine tool, Fixing, Cutting Fluid
X Product with

Work Piece hole
Cutting Tools - Chios

Cutting Fluid ] Drilling " N

Energy Waste Coolant
Process Parameters Scrap

Mist

(CO2PE!)
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Drril

ling Process

. = - - b -~ ~
-7 Servo Motors S~
” .
- 2 ™y
e Fan %
s . .
¥4 Oil prp <" Main Spindle "
’ Chiller System A
’ ~Automatic tool changer
’ W)
’ # Rapid Axis Movement '-,_\\
4 " Cutting fluid pump .‘3_ Y
i
Machine Tool idle power “
F
P
e
P
i
i
N
Y
;1
s i
“ Machine Tool basic power :
\ Chip Ge tion Z. g4
! [Tnluadcd &'Iotors 1 cneralion fone ’
\ SF
A Tip Energy 7
\ ’
’
\ Numerical control
\\ 7
N e P
b Lighting o5
~ i ’I
M Way lube system ¥
~o - -
Drilling Process
Power 4 Spindle and Coolant
/ motor Startup
Idle Energy z
& Tip Energy
Basic Energy

brosvsennunnay

sedssevsannusnefenssnalonsannansy

L R R R P P Y YRR Y

Psilling
Piae
Pbasic
. Cdrilling Time
. Cidle R
o 1:basic:
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ISO 20140: Evaluating energy efficiency and other factors of manufacturing

systems that influence the environment

Environmental

of a given category

Equipment A
Equipment B
Equipment C

Influence Aggregated EPE data
(obtained by summation sub-process)

~
7

Converted EPE data
(calculated by conversion sub-process)

A
. — + == - =— - — Start of

production

.= """ End of
production

timing

equipment g 7 \ -
aup 7 ”{ PN >~ A constituent activity
i T RN ~ H e
. PN (obtained by decomposition
| STl sub-process)

Manufacturing process to be evaluated
(specified by the specification of environmental performance evaluation)

ISO 22400

Key performance indicators (KPIs) for manufacturing operations management

KPI description

Content:

Name Energy per Part

ID

Description The total amount of energy consumed by a process in the production of a part. It is the total
energy consumed by a process (EC) divided by the quantity of parts produced at a process
(PQ).

Scope Process Level

Formula Energy per Part = EC/PQ

Unit of Measure kWh

Range Min: 0
Max: process specific

Trend The lower, the better

Context:

Timing Real-time, on-demand, periodically

Audience Operator, Supervisor, Management

Production methodology

Discrete, Continuous, Batch

Effect model diagram

Notes

The Energy per Part measures the energy consumed by a process per part produced. This
includes waste energy and usable energy. The energy consumption can be measured
through a power meter or by estimating based on specific process parameters.
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TC 39 on Machine Tools

= 14955 —Environmental evaluation
of machine tools

* For integrating energy-efficiency
aspects into machine tool design.
= Approach based on 14000 Series

= Addresses the energy efficiency of
machine tools during the use stage only

= Decompose machine tools into functions
and allocate impact on a functional basis

Optional Add-on Components & Sub-assemblies

Generalized machine
functions

Machining (machining
process , motion and
control)

Process conditioning and
cooling

Workpiece handling

— CNC Total b

1ISO 14955-1:2014

Machine components —

Control components 14—

Energy recovery module F—
Monitoring module P—

#) Chip conveyor F—

Mist collector ﬁ—

Hydraulic system h—

Tool handling or die
change

7

Recyclables and waste
handling

—>

Machine cooling /heating

$
i
4.1) Fluid system @—

7%19 Spindle cooling pump ‘1*

—(i) Cooling fan H—

%ﬁ Fan energy recovery module ‘4—

—(i:r CNC air-conditioning }4—

—43 Air compressor H—

- 51 -

Assignment of
machine tool functions
to
machine components




Securing the Future of Advanced Manufacturing in the United States
John W. Sutherland (CIRP-LCE 2017)

Advancing Environmental Sustainability
of Machine Tools

+ Goal:

+ Identify opportunities for
reduced energy consumption

¢+ Scope:
+ Supporting processes of the

machine tool ' 7 §: [
* Motors within the machine tool 7

Global total final electricity consumption by end-uses, 2014

Centrifuge (10.8%

Qil pressure pump (24.4%) T sp rt

Cooler, mist collector, ete (15.2%) Motors account for more H

0% 100%
Rate of productio Source: IEA analysi

han half of feday's elechicity consumption

PURDUE

UNIVER I TY

ASTM E60.13 on Sustainable Manufacturing

E2986 Evaluation of Environmental Aspects of Sustainability of
Manufacturing Processes provides guidance for manufacturers on how to
conduct a sustainability study in order to improve their practices.

E3012 Characterizing Environmental Aspects of Manufacturing
Processes, provides guidance for the actual characterization of
manufacturing processes.

E2987 Standard Terminology for Sustainable Manufacturing, includes
terminology applicable to sustainable manufacturing.

E3096 Definition, Selection, and Organization of Key Performance
Indicators for Environmental Aspects of Manufacturing Processes.

NWI New Classification for Discarded Materials from Manufacturing
Facilities and Associated Support Facilities

NWI Investment Analysis in Sustainable Manufacturing
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ASTM 3012-16:

Characterizing Environmental Aspects of Manufacturing Processes

»Equipment and material specifications

Product/Process Information

*Process Specifications

= Setup-operation-teardown instructions
= Control Programs and process control
»Product and engineering specifications

=Part geometries

*Production plans
*Quality plans

*KPI's and quality plans
*PLM and sustainability plans
= Safety documentation

\/

Input [

*Energy

=sMaterial & consumables
=Qutside factors
=Disturbance

>

Transformation
* Energy
Material
Information

Resources
* Equipment

*Tooling
»Fixtures
*Human

= Software

Output

* Product
*By-Product
*Waste

»Solid, liquid, emission

*Thermal, noise
*Feedback

ASTM 3012-16:

Characterizing Environmental Aspects of Manufacturing Processes

Product & Process Information i Variable q‘gf:mtiqns for transform;ation equa.tl.ons (short list)
_ ) v U - Specific Cutting Energy (W/mm?) ;, — Milling Power (kW) -
Job Information I ¥; — volume of input (mm?3) e, — Milling Energy (kJ)
Part Heat Sink Test Part i V — Cutting Speed (m/min) f: — Feed per tooth (mm/tooth)
Description: - ! tq o — Approach and Overtravel time (segJRR — Volume Material Removal Rate (mm?/mih)
Geometry: Complex, see CAD file (file.stp) | t, — Retract time (sec) L. — Extent of the first contact (mm)
Mat!erial: AIIGDSTI ! tp —Handling Time (sec) t,, — Milling Time (sec/cut)
Operations:  Mill thicknesses, E t; — Milling Idle time (sec) E — Total energy consumed (KWh/cycle)
bosses and counter bores, ! p; — Milling Idle power (kW) C - Total cost for energy ($)
deburr, mill chamfers, radii, mill fins 1 2, — Milling Idle Energy (kJ) €0, — Total CO, for energy (kg)
Required Er.1d mills, chamfer mills, rounding E e. — Energy Consumed per cycle (kJ/cycig)- Total time for all cycles (sec)
Tools:  mills | t. — Total time per cycle (sec) Yield — Items produced in all cycles (qty)
Transformation Equations
fe=fr/(N*ng) i V =N=D=1000m i €m = Pm * tm
VRR = wp +d * f; Do = e+ + e =piti
Inputs For centered milling: { 1= Ps TPt Pa e o te +ep Outputs
! = Lol c “m “i ..
Electrical energy, kWh Lc=D/2 ple=ttlettutti | fe Finished part, gty
Workpiece material For peripherall mLiIIing: I P R I o e Ne W:-Sfet a7u
e.g. aluminum, steel, ty = 60 + Imtte ! - datde i Yield =n e,
(e.g ) m = i tao ,60 * b - Material, kg
Le=/d=(D—d) Dy = LR I C=E*Cywn
Hline- [ 1000 . o
For face m"“tn%zu. e e i €02 = E + CO2japn
t = 60 * MT=—"¢ [ aoTlr !
Jr b 1 E=ecngx2.78e*
Le=wm* (D —wp) | Li=lh+tin H
Resources Crerator:  John Doe Tool List. (1) 1/4" Dia. 2 Flute Stubby Fullerion E.M

engineeri

Machine:
Fixture Details:

Software:

GF Agile HP800OU

i
i
Mill Clearance, Drill, Ream and Tap Mounting 3
Holes Orientation, Origin - (0.100,0.720,0.168)
See MasterCam for fixture and tocling specifics

)
) 3/16" Dia. 2 Flute Stubby Fullerton E.M.

) 3" Face Mill

) 1/2" Dia. 2 Flute Stubby Fullerton EM

) 174" x 45° Chamfer Mill

) 1/4" 2 Flute E.M. With .020" x 45° Chamfers
) 174" x 093" Corner Rounding E.M.
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Model Based Design: Technical & Physical Systems

« Model IZ&VY Virtual-Real D BELZEAEHE
« Modelling $ i
$
o HEENLEMARA
« I/OMBLIH/OAN
- EEMEBOKL
» Verification & Validation

\ ¢

e Virtual »5 Real ~

2% : P.Fritzson: Introduction to Modeling and Simulation of Technical and Physical Systems
with Modelica, Wiley-IEEE Press, 2011.

Model-Based Approach

SIEMENS
Model Based Simulations for Behavior Analyzes

SIEMENS

Gas Turbine Operation (SGT-800)
Model based technology is critical to meet customer requirement @ e

and regulation e.g. safety, green environment: :g
1. Geometric models (3D visualization) CAD/PLM 1980 - ... = v y_
2. Information models (UML, collaboration,PLCS) OPENPROD 2009-2012 i e =
3. Hardware-in-the-loop (real-time simulations) = MODRIO 2013-2016 -
4. Cyber-Physical systems (behavior, censors) openCPS 2016- ... =g |2

=)
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Securing the Future of Advanced Manufacturing in the United States
John W. Sutherland (CIRP-LCE 2017)

Vision: Smart/Sustainable Manufacturing

Objectives include
Minimizing
Environmental Impact

frsagas =

Decision Support S,
System

Models

" '. é-? 2 & 3
& N
Factory Supplyr Chaln & RS
’.- ) o{\“\
; i eman ufacture S
\\/ Tt

PURDUE

UNIVERSITY
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Securing the Future of Advanced Manufacturing in the United States
John W. Sutherland (CIRP-LCE 2017)

Smart Manufacturing System

+ Grid, factory, and wind turbine L
connected / o o

¢+ Manufacturing equipment infused *, Orders w&‘}ﬁ "= il
with smart technologies to ’ e N
minimize energy in real time Baslaian . Temp . N

¢+ Customer orders are communicated Support 'l
— job demand forecast i

+ Wind forecast used to forecast Schedules Predlctlve Analytics
renewable power Wind

la‘: LT Turbine

+ Weather forecast used to forecast 'l 3r p,, 1 ‘—T
energy demand q‘E. 1 "E.

¢+ Production schedules (to minimize Smart Factory Smart Machines
energy and energy costs) set based|Smart
on grid price forecasts (and S M‘h Residential
forecast WT power) ;

+ Production schedules adjusted in . [ ®@ commercial

real time to reflect actual smart grid PowerPlant  SMart
prices

PURDUE

UNIVERSITY
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EEHEEE (2013.9~2017.3)

WHEZ=ZF (#BEIIIEXE)

WG 1 (DEcoF74 T7ILGr)
WG 2 (EFEHZEGr)

FER ME=ZHF (#@XIIIFEKXZE)

WG1EE : BBHE (HWREXFE)

WG2EE : A XE GEBKRZE)
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BAEENLREXEOMEZEZBE L-EEETEQL Y FMAEREHED -5
DYITEIzT7Y—IL: TOEILITAT7H M) —DEEZHET.

BRY—)ILEY T RY—ERTE%E L TSaaS (Software as a Service) &
LTEIET HCET, LUBVICTHRETELS - RO EZXICE LN THIAREE
BIN—=—27AF 030X EREODERIREFRET S.

B EAMICZE, 2 —YHAERLEREEES A VLT, £EHLHEEIRILY
[CDWTYIal—2arvd 38T, BABBANLDERIRTZATEES
I5. Fl-, BAEXRRICKY, TO2ILTaT779 F)—OFEBRFEICDOL
THLRET 5.

BULEIZKY, E@ROSA T4 UL aL—avIc, o BARALE
H-HETRRICOVTOREN, TEH, FEHEMNGRBEEROMEEZMZ 5
CEEAREEL, EEMLEBLELTOL 2 ELBEBEEFTOALLNDOY A
TOIDIKY LT VA LEENERRTIAEVRATLOBEREZRIETES
X512 5.
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(7477279 ) —TOiEH]
TUORANIAT7YI M) —DERLEHEDENEL
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TORINIAT7Y M) —DERETEER
r—ARRRT 412k B1%ET
TORAINIAT 7Y ) —DRETEDIRET

HEMEE

BRI es sy AT a77%4 ~)— (DEcoF) EffEEL

N\‘

TORIITATFPI M) —DERRA A —
(FPATT7I7279 F)—TOEFHERKIY)
B EES A VAR B

3 \ﬂ: -
¢ B, HEEEXNRTH
/ Infrastructure Panel
Machine Tool pachine Tool
Asv Agent 7™ ?ﬂ(‘ AGV Agent

SAEREMOEREEEY D
kT 7I—xT 0 RE
LTETIVIEL, T4

\Wﬂ

Operator = Virtual Machining Line )1/7 7 7 I‘ U %*%E‘Z_d_é -
S 4 = B Oy bR, TS

W achine Too-' A aefm
£ Apents ) g VbR, 42T TN
Production , :.% ﬁ;ﬁmﬁ;ﬁwna " ﬁgéﬁgfﬁéﬁgem *)llé H' %*L%*LG)
Status e i_}i—_(hd\ S HEmn5, %L F ) 7_|—
Contiaiiation g —% ' Virtual Assembly Line * | *‘bqﬁ_!(] 5& = /r W10)) EQ;"E T
of Factory 1 ) é = - “1::“ ORI TTFI R J:—Cgé
/ ﬁéiﬁﬁé"gga}ﬂ ; QY e TI95REEENDIR K
Produ;tData | y m PIRENTDTA—TR%E

Production :I_ﬁ
Scenario - Digital Eco Factory -

Product Panel (Product Agent)
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(7.8%) (2.2%) (25.6%) (28.4%) (0.0%) (0.0%) (2.2%) (33.76%)

Total 4745.2kwh (3180.9kwh)
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