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The aim of this project is to analyse the characteristics of actuation using solenoid and to design a solenoid actuator capable of 
delivering an electromechanical force of 600 N for high precision application. 

A solenoid is an electromechanical linear actuator that can generate an 
driving force. This is achieved by the introduction of a current through the 
conducting wire generating an electromagnetic field, which attracts the 
ferrous plunger, to create the retractable force.  The electromechanical force 
F, can be expressed as: 

μr

where μo is the air permeability (H/m), N is the number of coil turns, I is the 
electric current (A), A is the conical surface area of plunger (m²), and h is 
the length of air gap (m). 

 F = μoN2I2A/2h2 
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 μr  is  approximately11 H/m 
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Solenoid actuators are widely used for rapid high-force exertion applications, such as robotics, 
electric door lock and drum brakes. The new solenoid actuator will be applied for automating the 
mechanical imprinting of a hot-embossing process for micro-scale features fabrications. 

From the modelling and experimental studies, the force-current relationship is found to be non-
linear, the air gap is a primary factor to consider in design as the electromechanical force 
increases rapidly when the air gap reduces, the outer ferrous casing increases the output force 
significantly and hence a closed loop design is desirable, and heat generation has to be well-
taken care during the design phase of the new solenoid.  
 
Further work includes experimental studies, conceptual design of the proposed solenoid 
actuator, and modelling of solenoid designs before the final fabrication. 
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