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ABSTRACT 

This paper describes multiple electric field control 
methods for foil coils in high-voltage coreless linear 
actuators. The field control methods are evaluated 
using 2-D and 3-D boundary element methods. A 
comparison is presented between the field control 
methods and their ability to mitigate electric stress in 
coreless linear actuators. 

1 INTRODUCTION 

Increasing demands of the throughput of high-
precision positioning systems require more powerful 
actuators in the positioning stages. Therefore, larger 
volumes of power cabling is necessary. This results in  
larger force disturbances and negatively affects the 
accuracy of the positioning stage. To decrease force 
disturbances and cable volume, the operating voltage of 
the actuators is increased. As a result, partial discharges 
occur above an operating voltage of approximately 700V 
during the expected lifetime of an inverter-fed actuator. 
To ensure coreless linear actuators reach their expected 
lifetime, electric field control methods (FCMs) are 
employed. These electric FCMs mitigate electric field 
stress and, therefore, ensures the partial discharge 
inception voltage is above the operating voltage of the 
actuator. 

In this paper, multiple electric field control methods 
for foil coils in high-voltage linear actuators are 
discussed. A comparison is presented between electric 
FCMs and their ability to mitigate electric stress in 
coreless linear actuators.  

2 ELECTRIC FIELD CONTROL METHODS 

Electric FCMs can be distinguished in two main 
classes [1]. Firstly, capacitive field control concerns 
electrode profiling, refractive field control and condenser 
field control. Secondly, resistive field control concerns 
semi-conductive layers to control electric stress [2].  

The effect of each  FCM on the electric field 
distribution is evaluated in conjunction with a high-
power dense coreless linear actuator configuration. This 
configuration comprises a cooling environment, which is 
connected to PE, foil coils and insulation materials such 
as epoxy resins and polyimide covered wires. The 
configuration of the linear actuator is shown in Fig. 1. To 
investigate the level of mitigation provided by the FCMs 
2-D and 3-D boundary element methods are employed, 
using INTEGRATED’s Electro and Coulomb.  

A clear distinction can be made between the electric 
field distribution with, electrode profiling is applied, and 
without a FCM. In electrode profiling a semi-cylindrical 
conductor is attached and connected to the side of the foil 
coil. In Fig. 2, the  electric field distribution is shown 
near the edge of the foil coil for an applied voltage of 2.5 
kV. This leads to reduction of 60 [%] in peak electric 
field strength. 

3 CONCLUSIONS 

In this paper, multiple electric FCMs for foil coils in 
high-voltage linear actuators are assessed using 2-D and  
3-D boundary element methods. The electric field 
distributions inside a linear actuator are assessed and 
compared for different electric FCMs. Furthermore, 
results are presented on the effect of sizes and material 
parameters on the electrical field distribution.     
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Figure 1: Cross-section of foil coil without (left) and with (right) electrode 
profiling (EP) applied as a field control method. 
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Figure 2: Electric field distributions for a foil coil without (left) and       
with (right) electrode profiling as a field control method. 

 


