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Sustainability in production lines AMZS

Analogy between route and production planning
‘ Closing time Vacation in Bavaria Weekend start ‘ Rain in NRW
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Status quo and scenarios for increasing the sustainability contribution nm23

Paradigm until 2023 Sustainability goal from
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Sustainability in production lines

AWK5

Source: EWOTeK

Targets for sustainable production lines
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Optimized temperature management for an efficient operation

Status quo
» Long warm-up phases )
» High thermal variations during

operation —

» Non-shutdown of machines / High
base load of auxiliary units

Goal 1: Reduction of warm-up phases

(Productivity)

Goal 2: Increase of machining
accuracy (Quality)

Goal 3: Reduction of energy

consumption (Energy use)
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Adaptive design of active cooling systems using a model predictive

controller

Target ST

Optimizer

Target flow
temperature
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Adaptive design of active cooling systems using a model predictive
multivariable controller

Optimizer Target flow

Target ST, Target PC temperature
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Model predictive control (MPC) of active cooling systems

38 8 L
ST I EERTR Rotational speed £ Research object:
035 Target flow temperature = motor spindle
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1) Reduction of warm-up phase

2) Stabilization of thermal behavior
during operation

3) Bridging of break times
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Sustainability in production lines

AWK5

Power

Source: EWOTeK
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Data-driven learning from human expertise

AWK5

— Data generation —
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Knowledge-based process minimization

Machine internal sensors

Cutting speed (v,)
Feed per tooth (f,)

Cutting depth ()
Cutting width (a,)

0.15

Generation of
digital expert
knowledge

Optimal parameters

Use of digital
expert knowledge

s

4 &
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Use of digital Q
expert knowledge
Provision of relevant information

(e.g. optimal v, and f, for current a,,
and a,)

Generation of digital a
expert knowledge

Experts exceed the defined optimal
parameter

After subjective expert evaluation,
there is a possibility to
acknowledge new limits

Complete digital contextualization
(Override speed and feed) enables
process-parallel digitalization of
expert knowledge
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Model-based process optimization

AWK5

Apriori

Machine dynamics
* Substructure coupling of
machine and tool

“l ?aFG

parameters

Identification of machining

Sources: Heller, Sandvik, Siemens
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Model-based process optimization

Apriori
Machine dynamics
» Substructure coupling of
machine and tool 107}
Y §||_‘2 l
LI 8 v ‘\
ih =01 g Mo,
e | DFG 2 [T
S N
(2 )
Identification of machining 10710 ' '
parameters 0 1000 2000 3000

Frequency [Hz]

Experimental-analytical
substructure coupling

= Natural frequency w,,
= Relative damping §
= Modal mass m;

Sources: Heller, Sandvik, Siemens
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7
Model-based process optimization nm23

Online

Process force
« Determination of cutting force
coefficients

Sources: Heller, Sandvik, Siemens
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Model-based process optimization

AWK5

Sources: Heller, Sandvik, Siemens

Demand-based
stability calculation

Depth of cut

»

* Process parallel simulation

« Semi analytical method in
time domain (SD)

« Stability limit for current
process parameters

Rotational speed

v
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Model-based process optimization

Sources: Heller, Sandvik, Siemens

2-DOF milling model

Demand-based
stability calculation

Process parallel simulation

Semi analytical method in
time domain (SD)

Stability limit for current
process parameters

»
>

Depth of cut

Rotational speed

v

h = hgqr + hdyn

Modulation of chip thickness

Ax = x(t) —x(t — 1)

MX(t) + CX(t) + KX(t) = F(t)

N
> Fecospn(t) = Frsingy (6)
F =
F(t) = (F;) - | ™=
Y —Fusinga(t) = Fcosgn(®)

n=1
Linear force model Altintas

Fy = b(K¢ch + Kte) FE. = b(Kpch + Kne)

‘\/V

cutting force coefficients

hayn = Ax sing,(t) + Ay cos@y,(t)

T = tooth passing frequency

= Delayed differential equation with periodic behaviour is discretised and
approximated with a set of ordinary differential equations.

= Assessment of process stability based on an eigenvalue analysis
according to Floquet theory.

= Targeted evaluation of the stability around the current operating point.

16
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Model-based process optimization

Sources: Heller, Sandvik, Siemens

byrit(n) > byt (NC, t)

unstable

stable

Warning system

.| Warning on

machine

* NC code scan for following

Use case

process steps

» Checking the exceedance of
stability limit

>
>

HSC machining

Small batch production

unstable I

stable

\ 4

bkrit(n) < bist(NC, t)

Process stable
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Sustainability in production lines

AWK5

Source: EWOTeK

Targets for sustainable production lines
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warm-up Spindle feed drives
> failure E Cooling system
- Cooling lubricant
g supply
S E Cooling lubricant
preparation
- Hydraulic system
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/7,
Identification of service life reducing operating conditions nm23

==

I8 Process forces F,
W Rotational speed n

Use of digital a
expert knowledge
=  Provision of relevant information

(e.g. optimal operating conditions
for the main spindle)

9 I Increase in e
12 & 11 technical availability
. 15 &
Circ. ball advance K K, 18 & = Process-parallel acquisition of
Contact stress p, 21 '\\@ transferable load conditions of
Q\ relevant machine components along
S 0,5 0 24 hei ico lif
250 r [kNj their service life
g = Transferability of the parameters
v enables use for machine learning
N4

250 approaches

Prediction

-500

-750

Past = Future
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/7,
Using a data ecosystem of trust, sharing & collaborative business nm23

Value creation

Machine tool manufacturer

e
[
End user ‘g@

cee //:’_\ \ 1] {g% upplier

Supplier

Models / Collaborative
Know-how use cases

Machine tool
manufacturer

Process parameter map
. for a tool-material combination
* ! 1 . 2 2 2 2 2 k] 2 2

Generation of
digital expert
knowledge

R

B
>

Use of digital
expert knowledge
. 1 Challenges
" % \«\«\\ yroduct > Product key
) s or lata > Data sharing
//e data - Trust measures

k4. Create value - Collaborative business

- —
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Conclusion & outlook

New approaches
= Optimized temperature management

= Process time minimization through digital
expert knowledge

= Update capability of hard- and software

Known approaches

= Energy-efficient
auxiliary units for base
load minimization

Strategic vision

Sustainability through digital expert knowledge
= Knowledge transfer
= Increased productivity, wear reduction

Sustainability through company-wide knowledge transfer

= Knowledge extraction and persistence as business know-how
=  Cross-departmental utilization opportunities

= Meeting demographic change

Sustainability through cross-company knowledge trading
= Purchase/sale of business know-how

= Data-based price determination according to individual
efficiency increase

= Requirement: Data security and anonymity
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Thank you very much for your attention!
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