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M.TEC ENGINEERING 

ABOUT M.TEC 

 

ISO 9001 certified 

● Design engineering service company 

 Spin-off of the Institute of plastics processing (IKV) at  

RWTH Aachen University, founded in 1991 

 Member of the Feddersen Group since 06/2018 

● Development and design of technical products 

 Holistic; from initial idea to series maturity 

● Key markets 

 Automotive, Household appliances, Building technology, 

Electronic devices, Medical technology 

● Involvement in RWTH Aachen University 

 In research projects & teaching 

https://www.mtec-engineering.de/
https://www.rwth-aachen.de/
https://www.tuev-sued.de/ms-zert
https://holding.kdfeddersen.com/
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M.TEC ENGINEERING 

 

PRODUCT 
DEVELOPMENT 

Construction 
systematics 

Simulation & 
Calculation 

Manufacturing 
strategies 

Optimisation 
strategies 

Cost 
objectives 

https://www.mtec-engineering.de/
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M.TEC ENGINEERING 

OUR MOTIVATION 

● Safety and a leading edge for our customers 

● Engineering driven by passion 

https://www.mtec-engineering.de/
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PLASTICS ENGINEERING 

Optimising component warpage using the digital twin 
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PLASTICS ENGINEERING 

Warpage is a function of … 

 

 

 

 

 

 

How to survey this complexity? 

 

Machine •Clamp force 

… 

Tools 

•Cooling channels 

•Nozzle diameter 

•Gating system 

•Gate position 

•Cavity temperature 

… 

Material 

•Raw material 

•Reinforcing materials 

•Additives 

… 

Process 

•Melt temperature 

•Injection speed 

•Packing pressure point of 
changeover 

•Packing pressure level 

•Packing pressure time 

•Packing pressure profile 

•Cooling time 

… 

Component 
geometry 

•Wall thickness 

•Ribbing 

… 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

A mathematical image  

of all physical correlations 

„Digital Twin“ in Wikipedia: 

[…] a digital replica of physical assets, processes and systems. 

[…] living digital simulation models that update and change 

as their physical counterparts change. […] 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

Benefits and goals 

● Parameter studies real-time 

● Sensitivities 

● Optimisation 

● Robustness 

 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

How does the digital twin evolve? 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

 

Influencing factors included by the digital twin  

● Definition of all influencing factors  

taken into account 

● Importance of pre-loading 

 

Influencing 
factors 

Parameterisation 
Experimental 

plan 
Simulations 

Function 
derivative 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

 

Parameterisation and variances of the influencing variables 

● Process parameters 

● Wall thickness 

● Gate positions 

 

Influencing 
factors 

Parameterisation 
Experimental 

plan 
Simulations 

Function 
derivative 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

Conduction of an experimental plan 

● E.g. 20 parameters varied three times results in 3.5 billion possible 

combinations 

● Solution: Reduction of the permutation – all parameters are varied 

simultaneously 120 times, correlation-free and evenly spread in the 

parameter space (mathematical method) 

 

Influencing 
factors 

Parameterisation 
Experimental 

plan 
Simulations 

Function 
derivative 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

 

Moldflow analysis 

● Processing the 120 sets of parameters 

● Routine created by M.TEC: Control of the Moldflow  

preprocessor automatically executing all calculations 

Influencing 
factors 

Parameterisation 
Experimental 

plan 
Simulations 

Function 
derivative 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

 

„Concluding“ the function – the digital twin 

● Multi-level statistical method 

● Combination of mathematical models 

 

Influencing 
factors 

Parameterisation 
Experimental 

plan 
Simulations 

Function 
derivative 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

Excerpt of examined parameters: 

Gate position, injection time, packing pressure, packing 

pressure time, mold temperature, mold wall temp. 

Original model 

● Maximum warpage reduced by 20% 

● Overall warpage much more consistent 

Optimised 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

SENSITIVE PARAMETERS – SLIGHT VARIATION, MAJOR IMPACT Process 

1) Injection time 

2) Mold temperature 

3) Packing pressure point 
of changeover  

4) Packing pressure level 

5) Mold wall temperature 

6) Mold wall temperature 1 3 2 4 5 6 

Geometry 

A) Wall thickness gate pos. 

B) Wall thickness gate pos. 

C) Wall thickness side face 

D) X-coord. gate position 

E) Y-coord. gate position 

A B 

D E 

C 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

● Area divided into nine sections 

● Side walls taken into account 

● Variation of gate position 

=  Gate position 

C 

A 

B D E 

A) Wall thickness gate position 

B) Wall thickness nearby gate position 

C) Wall thickness side face 

D) X-coord. gate position 

E) Y-coord. gate position 

VARIATIONS IN GEOMETRY 

https://www.mtec-engineering.de/


EXTERIOR – BUMPER 
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DIGITAL TWIN – WARPAGE 

Representations at same scale 

Original model: 

Max. warpage 8.0 mm 

Original model 

Improvement: 81 % 

 

But: Packing pressure level 

increased from 50 to 83 Mpa 
Optimised 

Optimised: 

Max. warpage 1.5 mm 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

SETTING BOUNDARY CONDITIONS 

● Setting and varying absolute boundary conditions for parameters 

● New results real-time 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

Darstellungen gleich skaliert 

Original model: 

Max. warpage 8.0 mm 

 

Packing pressure level 

fixed at 50 Mpa 

 

Original model 

Optimised 
Improvement: 45 % 

 

Optimised: 

Max. warpage 4.4 mm 

https://www.mtec-engineering.de/
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DIGITAL TWIN – WARPAGE 

ROBUSTNESS REGARDING FUNCTION FULFILLMENT AND PRODUCTION 

Production parameters 

Fu
n

ct
io

n
 f

u
lf
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m
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t 

P1 P2 
Parameter sets 

Limit for function fulfillment 
(e. g. maximum warpage acceptable ) 

Variation range of 
production process 

Maximum function fulfillment,  
but proportionately bad parts 

Full function fulfillment,  
100% good parts 

https://www.mtec-engineering.de/


Thank you for your attention! 

Member of the Feddersen Group 

https://holding.kdfeddersen.com/
https://www.mtec-engineering.de/

