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▪ Short stroke actuators with micrometer to nanometer precision

▪ Electromagnetic actuators → no physical connection between 
stator and mover 

▪ Lorentz and reluctance actuators

▪ Actuator design is an iterative process

▪ Small changes can impact overall performance

▪ Optimization parameters need to be defined

▪ Force efficiency in [N/kg]

▪ Steepness in [N2/W] → cannot compare Lorentz and 
reluctance actuators 

overview actuator design. 
INTRODUCTION
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▪ Coil around iron core creates magnetic flux

▪ Reluctance force given by:

𝐹𝑅 =
𝜇0𝐴𝑐𝑜𝑟𝑒𝑁

2𝐼2

4𝑥2

▪ If we reverse the current, the force direction does not reverse ➔
reluctance actuators can only pull

▪ Main challenge: the iron core is magnetically saturated around 2 T 
(for carbon steel 1010)

▪ Goal: use permanent magnet to suppress the onset of magnetic 
saturation and boost the force efficiency of the actuator

reluctance actuator basics 
INTRODUCTION



▪ Geometry of the stator and mover of the actuator are highlighted

▪ Only a quarter of the geometry is simulated to reduce 
computation time

▪ A symmetry and antisymmetry plane are used

▪ The non-linear BH-curve of carbon steel 1010 is interpolated and 
used in the Ampère’s Law in Solids magnetization model under 
Magnetic Fields 

simulation setup. 
METHODS AND USE OF COMSOL MULTIPHYSICS®



▪ The force on the mover is determined with the force calculation 
node as a function of current

▪ We compare the force as a function of current for a linear and 
non-linear BH-curve without a permanent magnet 

▪ Adjust the size of the mover for sufficient overhang (reduce flux 
leakage)

▪ A permanent magnet with variable size is added parallel to the flux 
path of the stator (defined by 𝜇𝑟 = 1.14 and 𝐵𝑟 = 1.4 [𝑇])

simulation verification.
METHODS AND USE OF COMSOL MULTIPHYSICS ®
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▪ Permanent magnet is added (red flux path), which does not contribute to the force 

▪ Earlier onset of magnetic saturation for situation 1, but a delayed onset for situation 2

boost force efficiency of reluctance actuator.
EXPECTED RESULT

Situation 1 Situation 2
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▪ No force on the mover for zero current!

COMSOL simulations to confirm. 
RESULTS

Situation 1 Situation 2
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▪ Asymmetric behavior for reluctance actuator as a 
function of the current

▪ Only use positive currents in this configuration

▪ With the permanent magnet the onset of 
magnetic saturation is delayed for positive 
currents

▪ This leads to an increased force efficiency of 45% 

force efficiency increase of 45%.
RESULTS

Situation 1

Situation 2
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▪ The performance of an actuator is determined by the force 
efficiency and power output

▪ Main limitation for reluctance actuators is magnetic saturation 

▪ Boost reluctance actuator performance with permanent magnet:

▪ Increase the force efficiency by delaying the onset of 
magnetic saturation

summary.
CONCLUSION

COMSOL Multiphysics is a registered trademark of COMSOL AB.
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