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1  Project Overview 

1.1 Introduction 

Transcranial Magnetic Stimulation (TMS) is a medical procedure intended to treat 

various neurological disorders. These disorders include post-traumatic stress disorder, 

depression, and Parkinson’s disease. The procedure involves stimulating different 

areas of the brain with a magnetic field. The magnetic field then induces an electric 

field within that area.  

Prior to the halo coil research groups had difficulty stimulating the deeper regions 

of the brain. The halo coil system consists of two coils. The smaller stationary coil rests 

on top of the patient’s head while the larger halo coil circles the patient’s head. In this 

way the two fields combine and interact in different ways depending on the position of 

the halo coil. 

 

1.2 Purpose 

 The purpose of the project is to design a test fixture for the halo coil. The test 

fixture, or helmet, must move the halo coil so that the system generates an electric field 

within a specific portion of the patient’s brain. This will require the helmet to be capable 

of moving the halo coil vertically as well as tilting the halo coil. 

 

1.3 Deliverables 

A test fixture for the halo coil system. This test fixture will include: 

● A structure to hold the coils in place 

● Motors to position the halo coil 

● A program that takes into account simulation data and user input to correctly 

place the coil 
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Figure 1: 3D model of the rotational positioner 

 

2  Requirements 

2.1 Functional Requirements 

Description Inputs Behavior Outputs 

Generate a 2 T 
magnetic field at 
the desired location 

Command from PC 
interface 

Generate a 2 T 
magnetic field at 
the desired location 

The magnetic field 
should display on 
the PC interface. 

Place the helmet 
easily via machine 

Command from the 
PC interface 

Move the helmet to 
the required place 

The movement of 
the helmet and its 
final position should 
display on the PC 
interface 

 

 

2.2 Non-Functional Requirements 

● Accuracy - Must provide consistent results 

● Comfort - Must account for the patient’s comfort 

● Variability - Must be capable of fitting many different head sizes and different 

heights 

● Extensibility - Source code for UI should be written in a way that functions can 
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be easily added or deleted 

 

3  System Description 

3.1 System Concept Sketch 
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3.2 System Block Diagram 

 
 

3.3 Components 

3.3.1 Coil specifications 

       Double Coil 

● Inner diameter: 32mm 

● Outer diameter: 48 mm 

● 9 turns 

● Space between turns: 1 mm 

● Turn width: 1 mm 

● Winding dimension: 1 mm*5 mm 

      Halo Coil 

● Inner diameter: 277 mm 

● Outer diameter: 299 mm 

● 5 turns 

● Space between turns: 1 mm 

● Turn width: 6 mm 

● Winding dimension: 1 mm*5 mm 

 

3.3.2 Helmet specifications 

      Support Structure 

 Height: 2 m 

 Arm length: 40 cm 

      Half Halo 

 Average diameter: 33.9 cm 

 

      Vertical Positioner 

 Load: 10 lbs. 
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4 Design Process 

4.1 Simulation 

4.1.1 Electric and Magnetic Field Simulation 

    i. Introduction 

The first part of the project was to prove the principal behind the operation of the 

halo coil system. A simulation of the magnetic and electric fields using the program 

SEMCAD must show variation in the fields as the position of the halo coil changes. 

    ii. Methods 

The first step is to build the model of a simple head and a halo coil. 

 

Figure 2: The simple head model 

 

The top coil is the single coil and the lower coil is the halo coil. The diameter of 

the single coil is 90 mm and it has 14 turns. The diameter of the halo coil is 290 mm and 

it has 5 turns. The distance between the single coil and the top of the head is 5 mm. 

The distance between the single coil and the halo coil is 10 cm. During the simulation 

process, the halo coil rotates upward 30 degrees and downward 30 degrees in 

increments of 5 degrees, generating 12 data points. The halo coil also moves up 5 cm 

and down 5 cm with a resolution of 1 cm. 

 iii. Results 
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Figure 3: Electric field at the back of the head with the halo coil positioned at 30°  

 

Figure 4: Electric field at the back of the head with the halo coil positioned at -30° 
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Figure 5: Electric field at the back of the head with the halo coil at the highest position 

 

Figure 6: Electric field at the back of the head with the halo coil at the lowest position 

 

 The figures show a variation in the electric field as the halo coil moves to different 

positions, proving to theory of operation of the halo coil system. 
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4.1.2 Electromagnetic Heat Simulation 

    i. Introduction 

Due to the heat standards of human medical treatment, the surface temperature 

of the coils should not exceed 37°C. Because of the high current, both of the coils heat 

up quickly. In order to comply with the medical standards, a COMSOL Multiphysics 

electromagnetic heat simulation determined the length of time a TMS treatment may 

last. 

   ii. Methods 

The first step of the simulation process is to build a model of the coils. 

  

Figure 7: Coil model in COMSOL heat simulation with the smaller single coil and the 

larger halo coil 

 

The signal from the biophasic stimulator is a sinusoidal wave with a frequency of 2.5 

kHz, and a magnitude of 5000 A. A COMSOL Frequency-Transient analysis uses the 

calculated power to figure out the time needed for the coils to reach 37 °C. 

  iii. Results 

The simulation indicates that after 132 seconds the single coil will reach 37.167 

°C. The distance between the single coil and the halo coil does not have significant 

effect on the results. Thus, the duration of the TMS treatment must not exceed 132 

seconds. 
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Figure 8: Results of the heat simulation 

 

4.1.3 Electromagnetic Lorentz Force Simulation 

  i. Introduction 

Any metal in a magnetic field generates Lorentz force, which can have an effect 

on the stability of the various components of the design. The two coils increase the 

effects of the force and also experience the force. A simulation will show the size and 

direction of the force as the halo coil changes position. The force must not exceed the 

yield strength of the involved components, thus limiting how close the two coils may 

come. 

The design also includes servo motors containing metal parts. These metal parts 

need to be far enough away from the magnetic field that they do not experience a 

significant force. 

  ii. Methods 

The simulation is an electromagnetic force simulation with the same coil model 

and the same input current as the heat simulation. The distance between the two coils 

changes throughout the course of the simulation in order to determine the minimum 

safe distance. 

The test for the minimum distance between the servo motor and the halo coil 

involved setting the stimulator to 100 % and holding the servo a distance from the coil. If 

the servo moved, it was too close to the coil. 

  iii. Results 

After the several measurements, the safe distance between the Halo coil and the 

motor is 4 cm. 

The simulation determined that the Lorentz force density was much smaller than 

the yield strength of the material of the two coils. The system is therefore stable. 
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Figure 9: Results of the force simulation 

 

5 Detailed Design 

5.1 Helmet Design 

 The helmet was largely fabricated through the use of a 3D printer. It is broken 

into several pieces in order to facilitate construction. These pieces will be held together 

with nylon nuts and bolts in order to avoid any possible interference with the magnetic 

field. At each interconnect, a bolt will fit through a tab and hold together the structure. 

 The support structure is made of aluminum in order to increase the strength of 

the structure and circumvent the size limit of the 3D printers. 

 

5.1.1 Support Structure 

 The helmet support structure will serve as an easy way to position and hold the 

helmet directly over the patient’s head. It will take the weight of the helmet off of the 

patient’s neck in order to increase the patient’s comfort, it will be easy to place and 

remove, and it will be capable of adjusting to the difference in the heights of various 

patients. The support structure will attach to the vertical positioning system. 
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Figure 10: Support structure 

 

5.1.2 Rotational Positioning System 

 The rotational positioning system will be 3D printed out of plastic and use two 

servo motors to rotate the halo coil from 30° to -30°.  

 

Figure 11: Rotational Positioning System 
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It will consist of four different parts: the half halo, the brackets, the halo holders, and the 

servos. 

 The half halo is the support for this structure and will attach to the vertical 

positioner. The servo motors attach on either end of the half halo so that they are 

properly positioned for balanced rotational movement. The half halo is split in half for 

ease of assembly and to accommodate the halo coil’s power cable. 

 

Figure 12: Half of the half halo 

 

 The brackets fit over the servo motors and hold them securely against the half 

halo. They attach to the half halo using the bolt and tab structure. 

 

Figure 13: Bracket 
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 The halo holders connect the servo motors to the halo coil. On one end the 

holder has a dial attached to the servo motor head. On the other end the holder wraps 

around the halo coil. This portion of the holder is curved to properly fit the halo coil. 

 

Figure 14: Halo holder 

 

5.1.3 Vertical Positioning System 

 The vertical positioning system attaches to the rotational positioning system with 

four curved aluminum supports. These supports will attach to tabs on the outside of the 

half halo and extend above it. They are curved to avoid the patient’s head and the 

single coil. The diameter of this curve matches the outer diameter of the half halo in 

order to simplify the structure. 

Figure 15: Vertical support 

 

 A linear actuator will perform the vertical positioning. The actuator will connect to 

the four vertical supports and the support structure. 
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5.2 Control System 

   A PC interface will allow the user to control the position of the coils. The height and 

degree of rotation of the helmet is displayed and constantly updated. The interface also 

includes a visual guide of the location of the maximum magnetic field.  

 

 

Figure 16: User interface 

 

6 Testing 

6.1 Field 

         A gaussmeter and automatic control system will measure the magnetic field and 

confirm the results of the simulation. 

 

6.2 Helmet Positioning System 

 The position of the helmet will be measured with a ruler and compared to a range 

of acceptable values. The simulation results will determine this range. 

 The tilt will be measured with a protractor and compared to a set of acceptable 

values. 
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6.3 Temperature 

 A thermal sensor on the single coil measures the temperature of the coil. After 

several tests, the time required for the single coil to reach 37 °C is 138 ± 1.1 seconds, 

confirming the results of the simulation. 

 

 


