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CONVENTIONAL WINDING DESIGN
ROUND WIRE
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• Low cost (material & labour)
• Low filling factor
• High parasitic capacitance
• Low thermal conductivity
• Medium skin‐and proximity losses
• Only for smaller currents



CONVENTIONAL WINDING DESIGN
ROUND WIRE
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Skin‐Effekt
• Current displacement due to

internal fields

Proximity‐Effekt
• Current displacement due to

external fields
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CONVENTIONAL WINDING DESIGN
FOIL WINDING
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• Big cross section ‐‐ > High currents
• Low skin effect
• High proximity losses in the nearfield of airgaps
• Very high parasitic capacitance
• Low radial thermal conductivity
• High cost (insulation, labour)
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CONVENTIONAL WINDING DESIGN
HF‐LITZ WIRE
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• Lowest skin‐ and proximity effect
• Very low filling factor
• Very low thermal conductivity
• High parasitic capacitance
• High costs (material & labour)
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CONVENTIONAL WINDING DESIGN
HORIZONTAL FLAT WINDING
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• medium currents
• good fill factor
• High skin‐ & proximity losses
• High parasitic capacitance
• medium cost (material & labour)
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CONVENTIONAL WINDING DESIGN
VERTICAL/EDGEWISE FLAT WIRE
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• medium currents
• good fill factor
• Low parasitic capacitance
• medium skin‐ & proximity losses
• medium cost (material & labour)
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THE NEWWINDING DESIGN
PRINCIPLE
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THE NEWWINDING DESIGN
LONG LIFE TIME

10

• Nearly no insulation material required
• Aging effects in the insulation materials no 

longer occur
‐‐ > drastically increased life time . 

M. HEUERMANN /13.06.2018



THE NEWWINDING DESIGN
LOW LOSSES
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Varying the conductor spacing in the winding structure:
• effectively reduces proximity losses (The proximity effect is reduced proportionally to the 

distance between the conductors)
• represents a potentially cost-effective alternative to expensive high-frequency litz wires in 

some applications

r- distance between conductors Loss comparison between classical (edge wise) and new winding design 
(edgewise with different distance from core of each winding).
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THE NEWWINDING DESIGN
POTENTIAL CONTROL
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Spreading the winding:
• much lower parasitic capacitances 
• transient overvoltage control (i.e. due to voltage reflections)
• conductor insulation is protected. No short circuits between windings 

By the distance between windings the voltage potential can be controlled.
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THE NEWWINDING DESIGN
COOLING
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increased conductor surface and spread of the winding + cooling ducts:
• optimal cooling of the entire product. 
• The new winding technology especially shows off its strengths with forced air cooling.

The thermal behavior of the new winding is essentially 
better than of conventional winding design
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THE NEWWINDING DESIGN
HIGH CURRENT DENSITY
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conductor’s heat‐emitting surface is exposed to the prevailing cool air 
flow. 
‐‐ > high current density
‐‐ > reducing structural volume, weight and costs

OR: increasing efficiency by cooler wire

Cross section 
reduction

Due to better 
coolability
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THE NEWWINDING DESIGN
LOWER COSTS
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• nearly no insulation material 
• automatically manufactured winding
• Small cross section due to high current density
‐‐ > cost can be by reduced 30%
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THE NEWWINDING DESIGN
AUTOMATED DIGITAL DEVELOPMENT PROCESS
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Inductor calculation Product

Digital twin

Machine program

3D‐CAD

Simulation

MATLAB
model

FEM/CFD model
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APPLICATIONS
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Application: Line reactor

Application: sine filter

Other applications: 
• DC‐Link chokes, Buck‐ / Boost converter chokes

Application: allpole sine filter

Transformers,…

M. HEUERMANN /13.06.2018



CONCLUSION
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A new winding technology was shown in this paper. The new winding design gives 
advantages in terms of life time, losses, voltage potential control, cooling capability, current 

density and costs. It can be used for inductors or transformers.
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NOWWHAT CAN WE DEVELOP FOR YOU?
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MALTE HEUERMANN
PRODUCTMANAGER EMC

BLOCK TRANSFORMATOREN‐ELEKTRONIK GMBH
MAX‐PLANCK‐STRASSE 36‐46
27283 VERDEN

TELEFON 04231 678‐253
MALTE.HEUERMANN@BLOCK.EU
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