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ABSTRACT 

In this paper a conceptual device to suppress the resting 

tremors of the hands of Parkinson’s patients is presented 

as a type computer mouse with an embedded suspension 

system that force the user to push further and harder 

before clicking on the button. To control the stiffness of 

the suspension a Nitinol spring design is proposed. 

1. INTRODUCTION 

The intent of this device is to provide the patients with 

Parkinson disease with a tool to help them use the 

computer mouse. The goal will be approached by adding 

resistance to the fingers motion to eliminate unintentional 

movement caused by tremors. The patient shall slides 

his/her hand into the device which grabs to the index and 

the middle fingers. The Finger restrain system is 

connected to a suspension that consists of a Nitinol 

compression springs and steel extension springs. The idea 

behind having a suspension for the fingers was conceived 

by thinking of a counteracting force that is required for 

clicking. The action or effort to click could eventually 

cease the tremor temporally; Nitinol shall be warmed to 

provide some variability of the material stiffness since it 

can change throughout its solid phase transformation, and 

therefore it can be adjusted to accommodate different 

patient needs. 

2. DESIGN CONSIDERATIONS 

 The design requires an ergonomic geometry that 

matches the contour of the hand. A surface 

model of a real hand is used as reference.  

 The spring design is approximated using Nitinol 

with the assumption of a fully austenite phase 

and a linear behavior; for a nonlinear study a 

further material examination should have to be 

performed. 

 Autodesk Inventor Design Accelerator tools 

were used to design the extension springs and 

compression springs based on force analysis. 

 Spring constants were determined using dynamic 

simulation 

 

 

Figure 1-Main assembly 

2.1 DESIGN WORKFLOW 

1) Conceptualization 

2) Feasibility and specifications 

3) Modeling  

a) Ergonomics – surface modeling 

b) CAD design 

4) Simulation 

3. CONCEPT 

Throughout many surgeon medical research’s papers 

about Parkinson disease it has been found that a big 

portion of the Parkinson patients suffer from resting 

tremors. A Resting tremor refers to the shaking when the 

body is still. Once the motion starts the tremors cease 

temporarily; A study performed to a patient with 

Parkinson showed that when the muscle movement are 

voluntary the shaking ceases during the execution of the 

task. (Figure 1.) 

The advanced stages of Parkinson present many problems 

to computer users since the shaking caused by the disease 

makes it impossible to use the mouse without making 

random and pointless clicking.  

By implementing a device that constrains the index and 

middle finger and connect those to a suspension system 

drove my extension springs and Nitinol compression 

springs the user should have the need to exert some 

voluntary motion on the finger for a long range in order to 

make a click. The advantage of using Nitinol is to have 
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the ability of control the material stiffness with heat, and 

therefore it can be adjusted to many resistances setting. 

 

 

Figure 1- Medscape: Nerve signal from a Parkinson’s 

patient 

4. ERGONOMICS 

In order to obtain an ergonomic shape that is comfortable 

for the hand, the projected cut edges of a real size hand 

mesh were obtained using Geomagic Design X. 

 

 

Figure 2 - STL file of a right hand 

A plane can be used to cut through the mesh and which 

projections can be applied to a sketch to be used later into 

a parametric CAD software package 

 

Figure 3-Splines generated from the cross cut projection 

 

5. DESIGN 

The design will consist of a shelled body with two insets 

for the finger. Each finger is connected to a levered 

system supported by two types of springs. 

 

Figure 4- Spring Mechanism 

5.1 ENCLOSURE 

The enclosure parts are shall be made out of ABS plastic 

due to its good strength and market availability. The FEA 

structural simulation was performed using a 50 lb. weight 

downward on the top surface and a passing factor of 

safety no less than 1.5. 

 

Figure 5- Enclosure shell 

5.2 FINGER SLEEVES 

The function of the finger sleeves is to constrain the 

fingers to a 1 DOF motion. It connects the fingers to the 

springs and pivots about a fixed axis. The material of 

sleeves shall be Aluminum 6061 because they are load 

bearing parts. 
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Figure 6 - Finger sleeves 

5.3 SPRINGS, SPRING ENCLOSURE, SHAFT AND 

FASTENERS 

Extension springs are made out of music wire, 

compression springs are made out of Nitinol, the spring 

enclosures are made out Acetal/Delrin for machinability 

and low friction coefficient, the shaft is made out 

aluminum 6061, the spacer is made out of plastic (LDPE 

or PP), and fastener are standard stainless clevis pins. 

 

Figure 7-Spring Mechanism 

6. SPRING DESIGN 

Nitinol springs are constructed using wire form material. 

A metal mandrel is commonly used to constrain the 

material during the annealing/training process. The 

following is the graph of a sample of a annealed 

martensitic Nitinol under a DSC test. 

The peak at 68.37 Degrees Celsius means that the phase 

transformation is fully austenitic at that point, and which 

is of our interest in order to control the phase 

transformation of the Nitinol; by using a thermo-coupler it 

possible to feedback the actual temperature, and therefore 

enabling to quantify the heat delivery. 

6.1 DSC ANALYSIS – DIRECT SCANNING 

CALORIMETRIC 

The DSC scanning calorimetric is a test method used to 

identify the phase transformation of a material throughout 

a long range of temperature; the sample is heated slowly 

while heat flow is being measured to register any change. 

If the heat flow changes mean that the material is 

absorbing/releasing some energy as a consequence the 

Nitinol molecular dynamics. 

 

 

Figure 8- DSC Analysis of sample annealed at 560 C 

6.2 COMPRESSION SPRING CALCULATION 

In order to approach a Nitinol Spring Design a few 

assumptions had to be taken. 

 Phase transformation is fully austenitic  at which 

stiffness is maximum 

 Data is based  standard high temperature SMA 

Nitinol  

 Linear behavior ( Nitinol behaves Non-Linear ) 

 

The CAD assembly was used to determine the 

spring assembly dimension and input such into 

the spring design tool. A 1 mm wire diameter 

was chosen based on the current analysis. 
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Figure 9- Compression Spring Assembly Parameter 

 

6.3 COMPRESSION SPRING FORCE 

ANALYSIS 

For the simulation a 1.5 lb. sinusoidal force was input at 

the fingertip in order to obtain the reaction forces based 

on moments and spring forces 

Based on the dynamic simulation results the 1.5 lb. force 

at the fingers becomes 3 lb. for the springs; therefore 

these forces are input as design parameters along with the 

assembly dimensions. The spring calculation tool was 

loaded with the Nitinol material properties at fully 

austenite phase in order to estimate the maximum 

stiffness at that point 

 

 

Figure 11- For acting on the Springs Vs Time 

 

 

 

Figure 12 – Compression Spring Design 

6.4 EXTENSION SPRINGS CALCULATIONS 

The extension spring design was approach in a similar 

manner as for the compression springs with the difference 

that the new design material is steel. The dimensions were 

derived from the assembly at initial position. 

 

Figure 13 - Extension Spring Assembly Parameters 

The force calculation was performed using all the design 

parameter such as reaction forces and assembly 

dimensions. 

Figure 10- Direction of Applied force 



   

 

  

2014 Florida Conference on Recent Advances in Robotics 5 Miami, Florida, May 8-9, 2014 

 

Figure 14 - Extension Spring Design 

7. CIRCUIT ANALYSIS 

7.1 RESISTANCE AND CURRENT 

Given the Nitinol material resistivity, wire diameter, and 

length the electrical resistance can be derived using 

Ohm’s law equation to find current and power dissipation. 

Nitinol will be activated by heat, therefore it will draw a 

large amount of current due to the joule heating, and the 

resistance becomes an important design parameter. 

 

 

Figure 15 - Wire Diameter and Current Iteration 

 

 

Figure 16-Wire Demeter and Current relationship 

8. MECHANICAL SIMULATIONS AND 

RESULTS 

8.1 DYNAMIC SIMULATION 

The dynamic simulation served as a valuable tool for the 

analysis of this project. The spring constants were 

approximated using the results from the force joints. The 

input of 1.5 lb. at the fingertip is graphed in red color, the 

green and black are the compression springs, and the 

yellow are the extension springs. 

 

 

Figure 17- Dynamic simulation of assembly 

 

 

Figure 18 - Spring Forces in Lb. vs. Time 

 

 

Figure 19- spring length variation 
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9. FEA SIMULATIONS 

Finite Element Analysis was used to determine if the parts 

would endure an estimated amount of load at different 

materials. A convergence analysis should be run to see if 

the results converged. The factor of safety for the 

enclosure is 2. 

 

 

Figure 20- FEA with ABS Material @ 50 Lb. Load 

 

The FEA simulations are set up with the forces obtained 

from the dynamic simulation. The factor of safety for the 

finger sleeves is above 1.3 with a convergence rate of 

about 3%. 

 

 

Figure 21-FEA - Aluminum 6061 Materials - 3lb @ each 

location 

10. HEAT DELIVERY SYSTEM  

In order to control the stiffness of the material a PWM 

control system is implemented. The core of the controller 

is the Arduino UNO and which interfaces with a High 

Speed MOSFET Switch in order to deliver a high 

amperage pulse-width-modulated signal; by adjusting the 

duty cycle the heat can be delivered quantitatively based 

on a thermocouple feedback that is connected to the 

spring. 

The stiffness or rigidity of the system shall vary as a 

function of temperature. A correlation between current 

and temperature and rigidity should be determined to fine 

tune the system response. 

 

Figure 22 - Heat Delivery System Circuit Diagram 

10.1 EXAMPLE CODE FOR PWM 

 

#define FET1 5 //Output port 

#define FET2 6 // Output port 

#define POT 0 // Potentiometer 

Void Start () { 

pinMode( FET1, OUTPUT ); 

pinMode( FET2, OUTPUT ); 

} 

Void loop () { 

analogWrite( FET1,  200); 

analogWrite( FET2,  200); 

Delay (100); 

} 

11. MOUSE CONTROL 

The design intent is to make a device which works 

similarly to a computer mouse, and that is plug-and-play 

and hassle -free. A small window beneath the unit shall be 

used to fit a standard mouse optics The mouse system is 

independent  from the heat delivery system  and which 

only purpose is to control the pointer.  

 

Figure 23- Optics window 
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Figure 24- Path of moving parts 

12. BILL OF MATERIALS 

The current design serves as proof of concept that still 

needs to be re- evaluated for manufacturability, therefore 

rapid prototyping (SLA) is recommended for testing 

purposes.  

 

Figure 25- Bill of Materials 

13. RESULTS AND RECOMMENDATIONS 

The results show a good response when using a force 

input of 1.5 lb. per finger.  A Factor of safety for the load 

bearing parts passed with a number greater than 1.3. The 

dynamic simulation shows the path of the moving parts 

indicating large travel. The Mouse button switches shall 

be positioned in a way that when the fingers are down 

they are pushed. 

The resistance to motion should be studied in depth in 

order to find the optimal degree of comfort. The user shall 

be able to manipulate a potentiometer to control the 

settings. 
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