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Data 

SOPHOMORE ENGINEERING HONORS 

The goal of  this project is to build and test a linear actu-
ator that is driven by electromagnetic forces.   

 

A linear actuator generates straight line motion. Typically, 
linear actuators are powered either pneumatically, or hy-
draulically. However, there are other power sources, such 
as: mechanically, piezoelectric, and electro-mechanical.  

 

When a current is sent through a wire, a magnetic field is 
created. This field can be concentrated using a cylindrical 
coil of  copper known commonly as a solenoid. 

 

The Electromagnetic Linear Actuator utilizes electro-
magnetic induction within a solenoid, copper wire 
wrapped around PVC pipe, to create the magnetic field. 
Inside the PVC pipe, a magnet will react to the generated 
magnetic field and be pulled. A rod, which is connected 
to the magnets, will act to transfer the force. A power 
source and switch will be used to induce and control the 
magnetic field.  

A Vernier Wireless Dynamics Sensor System was used to 
measure the force output by the linear actuator while a 
Vernier Magnetic Field Sensor was used to measure the 
magnetic field within the solenoid. A Vernier Potential 
Difference Sensor was used to measure the  voltage dif-
ference through the solenoid.  Data was collected from 
the three sensors via Vernier’s Logger Pro Software on a 
computer.   

The Electromagnetic Linear Actuator consists of  copper 
wire wrapped around PVC pipe to create a solenoid. The 
double coil solenoid is 12 centimeters long (4.72 inches). 
It has approximately 24 coils/cm (60 coils/inch).  
 
The solenoid is powered by a 15 Volt 1.4 Amp AC/DC 
Adaptor. The inner diameter is 3.33 cm (1.31 inch). There 
are 4 disk magnets that are on an eye bolt (held together 
with a nut). 
 
The idea is very similar to the way a speaker works in a 
pair of  headphones, or in computer speaker.  

Results and Conclusion 

For basic construction, the Linear Actuator could be built 
with a metal tube instead of  PVC,  a metal cylinder could 
replace the magnets, higher amperage wire, and triple lay-
er solenoid. The metal tube may help focus the magnetic 
field within the solenoid. The metal cylinder could be 
lighter and be more free to move. Higher rated wire 
would allow more electric power to be run through the 
solenoid. The triple layer solenoid would increase the 
magnetic field, providing more force to pull the magnets. 
 
If  an AC amplifier and a function generator is attached to 
two solenoids (one after another), the Linear Actuator 
could be operated as a reciprocating piston (with an appli-
cation analogous to an internal combustion engine).  
 
Minor improvements to the existing design could be to 
add lubricant inside the solenoid for less friction, and a 
cooling system (such as a fan or liquid coolant). 

The average force output of  the Linear Actuator was 1.5525 Newtons or 0.3490 lbs. This translates to approximately 
0.00044 Mpa, or 0.0645 psi. The Potential difference averaged at 2.8406 Volts, oscillating between 2.5977 V and 
3.0835 V. The magnetic field strength (in milliteslas) averaged at –5.6608 mT, oscillating between –5.4884 mT and –
5.8331 mT. Note, the magnetic field strength is negative because the sensor was being “pulled” into the solenoid, ra-
ther than be “pushed” by the magnetic field. 
 
The Linear Actuator provided approximately 0.0645 psi to the magnets. This power output is relatively small, but the 
magnets by themselves only weight 69 grams, or 0.152 lbs. With a surface area of  approximately 5.41 sq. in (and not-
ing the already found force output), 0.349 lb of  force, not accounting for friction, will move a 0.152 lb object.  
 
Overall, the device functioned well and performed as expected; however, it did not reach its full potential. The wires 
were rated for up to 3 amps, but only 1.4 was used (reducing the power, P = Volts * Amps). Also, instead of  a triple 
layered solenoid, only a double layered solenoid was used.  
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