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Cyltronic All-in-One CADFEM

Business Case

"simple, compact and
versatile 10-Link servo
actuators!”

* Provenin Service for many years =~ ___§

3
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. = voll integrierter
*  Robust and reliable Bt Motor
, Kugelgewindespindel

 Easy to use All-in-One Solution
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Cyltronic & CADFEM All-in-One; Business Case CADFEM

Cyltronic actuators are:

50 90% 92%

more compact reduction of energy cost saving

than the status quo implementation EffOI’t compared to pneumatic
actuators

compared to the status quo

How can we get even better?
How can we create more customer value?



Cyltronic All-in-One CADFEM

Initial status and improvements
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I LimSwin

Rising performance levels and testing specific load cases is very time consuming
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Cyltronic All-in-One CADFEM

Business Values

R&D Operator Product
* Robust Design Optimization « Customer Specific Planing * Smart Monitoring
«  Shorter Development time - Duty cycle optimization / without extensive calibration
- Better coverage of test cases Thermal Uprating

* Predictive Maintenance

joo

Read Only Variables
Cyclic Read Al

Physical sensors

145| | 6071
- -1 Virtual sensors
7
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Cyltronic All-in-One CADFEM

Twin Considerations

Business Value

“Track the past, provide deeper insights into the
present, predict and influence future behavior”

Digital Twin
“Virtual representation of real-world entities and

processes, synchronized at a specified frequency
and fidelity”
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Cyltronic & CADFEM All-in-One CADFEM

R&D / Virtual Prototyping

Product / Virtual Sensors
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8 Deployment  JUULE E
low sync. freq.

twin:
DERmET high sync. freq.

* Robust Design Optimization « Customer Specific Planing « Smart Monitoring
«  Shorter Development time »  Duty cycle optimization /" without extensive calibration
- Better coverage of test cases Thermal Uprating

« Predictive Maintenance -
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wagolalld CADFEM

R&D / Virtual Prototyping
3D

PCB Virtual Temp Sensors

MCAD
Validation with measurements:

.///cTCO060 ref

ECAD in Mechanical
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Transistor Virtual Temp Sensors

?:;3;"" Custom
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Winding
Virtual Temp Sensors
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 tronic PUNZEN

R&D / Virtual Prototyping
3D

« Design improvements
» Local over-heating : An air gap ,isolates” one of the windings

» Transistors-to-environment frame thermal conduction : a stochastic parameter with large variance
that can result in over-heating => improved quality control for more robust design.

Steady St Tt
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R&D / Virtual Prototyping CADFEM

Model Order Reduction for OD Prototyping (& Embedded Virtual Sensors)
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R&D / Virtual Prototyping
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R&D / Virtual Prototyping CADFEM
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Cyltronic & CADFEM All-in-One CADFEM

R&D / Virtual Prototyping

Product / Virtual Sensors

£ ; (motion !
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8 Deployment  JUULE E
low sync. freq.

twin:
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* Robust Design Optimization « Customer Specific Planing « Smart Monitoring
«  Shorter Development time »  Duty cycle optimization /" without extensive calibration
- Better coverage of test cases Thermal Uprating

« Predictive Maintenance -
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Operator / Virtual Assistant CADFEM

Deploym ent
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File Tools Help

op\FMUMeodel_CTC

060_mech.fimu - FMPy

B o @ b m l~ > Co-Simulation
fiiter variables Model Info
Name Start Plat FMI Version 2.0
o+ CopperPower 0 O FMI Type Co-Simulstion
o CopperPowerdVG 0 O
ST 0 E Maodel Name FMUModel_CTCO80_mech
© CurrentRMS 0 Bl BEeT
o FrictionPower 0 O Continuous States 0
o FrictionPowerAVG 0 O EventIndicators 0
+@ Load_newtons 0 ]
T 0 O Variables 21
v Position_goal 0 O Generation Date  2023-12-11T13:53:05Z
o Real_position 0 ] Generation Teol  Ansys Twin Bulder
B settings_angle 0 O B
o settings ki position 0.03 O
O settings_kp_position 0.01 O Smuation
B settings_kp_velocity 20 O Solver Varighle step
B settings_max_acceler... 2 O Step Size e
o TracesPower 0 O
o TracesPowerVG 0 0 Eckative; Toisrancs
& TansistorPower 0 0 @® Output Interval
o TransistorPower&VG 0 (] ) Max, Samples | 500
o Velocif 0
o mﬁn; — b E [ tnput No input file selected
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[ Debug Logging
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B o |&b m
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Co-Simulation
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FMI Version 20
FMI Type Co-Simulation
Model MName: FMUModel_CTCOS0_thermal
Platforms wing4

Continuous States 0
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Variables 8

Generation Date  2023-12-11T13:54: 392

Generation Tool Ansys Tvan Builder

Descripbon
Simuilation
Solver |Variable-step
Step Size 1e-3
Relative Tolerance

@ Output Interval Ej

() Max. samples 500

Input o input fie selected

[ Apply default start vales

Log FMI calls
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W TracesPoveer T2_Temperature
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Operator / Virtual Assistant

1000 times quicker than experiment

2.8 hours (10'000 s

192.168.0.2 (VC Project Visu') - VNC Viewer

B&R Vorlage

Read Only Variables

Cyclic Rex
Name Index

TempBoard 143

Value

00 Projekt Initialisieren
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© CADFEM 2024
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Cyltronic & CADFEM All-in-One CADFEM

R&D / Virtual Prototyping Operator / Virtual Assistant Product / Virtual Sensors

£ : (motion] !
& i) 1
s rexibitty !
& . :

8 Deployment UK 5
low sync. freq.

twin:
Deployment high sync. freq.

* Robust Design Optimization « Customer Specific Planing « Smart Monitoring
«  Shorter Development time »  Duty cycle optimization /" without extensive calibration
- Better coverage of test cases Thermal Uprating

« Predictive Maintenance -

© CADFEM 2024 Thermal Uprating: Jumeau numérique d un actuateur mécatronique 18



Product / Virtual Sensors CADFEM

Embedded model-based control

Virtual sensors temperatures based on current and speed (heat generation) readily available in the
controler:

192.168.0.2 (VC Project 'Visu') = VNC Viewer

Read Only Variables
TempBoard 143 4705 )
—J Physical sensors
TempEnc 144 4089
-
TempPl
— ,—l Virtual sensors
-1 0.00
I -1 ’ 0,00
I 1 | 0.00
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Product / Virtual Sensors CADFEM

Embedded model-based control

MORIA State Space ABC matrices (reduced first order differential equations) :

Heat Generation

_—"> Convection

- — Radiation

— X = Ax + Bu Conduction
y=C_Cx

— Temperature outputs

Integration of Matrices and integration schemes to build virtual sensors directly within the embedded
software:




Cyltronic & CADFEM All-in-One CADFEM

R&D / Virtual Prototyping

Product / Virtual Sensors
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* Robust Design Optimization « Customer Specific Planing « Smart Monitoring
«  Shorter Development time »  Duty cycle optimization /" without extensive calibration
- Better coverage of test cases Thermal Uprating

« Predictive Maintenance -
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Conclusions CADFEM

Results for Cyltronic

With our new simulation tools we can:
. t
* Expand the operational range of our i
products Experiences from practice.

 Make the dimensioning of the system easier
for our customers

* Make precise forecasts for the performance
at different ambient temperatures

And in the future:

« Offer digital twins for our customers

* Increase possibilities for predictive
maintenance



Conclusions

Cyltronic success stories using new simulation tools

File Tools Help

5 ¢ & B = |~ P [s00 Co-Simulatior
Name Start Unit  Plot  Descri ption

*@ Load_newtons 0

0 Mass 0 O

»@ Position_goal 0

B settings_angle % O

B settings_coulomb_force 7.029 O

@ settings_ki_position 0.03 O

B settings_kp_position 0.01 0

B settings_kp_velocity 20 O

B settings_max_acceleration 2 O

B settings_pitch 0.01 O

B settings_visquous_force 0.1137 O

o T2_Temperature 0

o T5_Temperature 0

e T_Ambient 0 O

o Windings_Temperature 0

B settings_max_speed 04 O

© Simulation took 199,021 s
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Cyltronics CTC-060
proving its capability of
running a complex
customers profile at 60°C
Ambient Temperature
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Conclusions
Cyltronic success stories using new simulation tools

File Tools Help

B¢ @B = | P 10000 | Cos
Fiter variables v =
01
Name Start Unit  Plot  Description i
o Current 0 = 2
»e Load_newtons 0 [m} &
0 Mass 0 ]} 0
® Position 0 0 2000 4000 5000 8000 10000
»0  Position_goal 0 O [
. . Cyltronics new CTC-
o settings_coulomb_force 21.652 O %
&
B settings_ki_position 0.03 O g 4 L L °
W O °: Press-Fitting with 500N at
B settings_kp_velocity 20 O 0
8 settings_kt 009 O 0 2000 4000 6000 8000 10000 o -
B s 70°C Ambient Temperature
B settings_max_acceleration 2 O o 390
) 5
B settings_pitch 0.01 O 2380 r’MWWM
o settings_rotor_inertia 2.2e-06 O g0
B settings_Rs 0.135 [m] 0
B settings_visquous_force 01678 O :333
& T)_Tempersture 9 M o 2000 4000 6000 5000 10000
o T5_Temperature 0 = -
0 Tambient 0 O ° 1
2 ——
© Windings_Temperatre 0 ] 230 MNW”-’
B settings_max_speed 04 ] g
2 360
v
o 2000 4000 6000 8000 10000
2
s
360
&
£ W
%350 "',,»N
b=}
£ I

o 2000 4000 6000 8000 10000

© Simulation took 4119.843 s
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 tronic PUNZEN

Experiences from practice.

Conclusions
Cyltronic Drives running in real lifes harsh conditions

flexibility in motion



Next Steps CADFEM

Cyltronic is not a product —it's a product world

* Faster development

* Reliable data for customers
already in development stage

e Easy integration of Cyltronic
products into your machines!
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