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I. Executive Summary 
Nowadays, there are a variety of adjustable stiffness springs (springs which can 

change its stiffness) on the markets, which are applied in various fields of engineering. 

However, most of them are big and expensive, and the range of the adjustment is not 

broad enough. Also, the stiffness of the spring cannot change continuously and 

instantly. These disadvantages make it unable for the ordinary consumers to purchase 

and apply the stiffness spring to the various areas of life. 

Therefore, we designed a new type of adjustable stiffness spring. It consists of 

two springs which have the different stiffness and the two springs can rotate 

separately. Its volume is relatively small, and we can use PS2 to control the step 

motor wirelessly, thus we are able to control the stiffness of the spring wirelessly. 

Our main tasks developed to solve the problem are designing and manufacturing. 

Since we need to make the spring small and work efficiently at the same time, it took 

us lots of effort to design a proper one. Also, in order to improve the accuracy the 

parts, we choose to use 3D print technology and it increases the difficulty of 

manufacturing. 

After we completed manufacturing the prototype, we tried to test the highest and 

lowest stiffness, and draw the force versus displacement diagram for both springs. 

The diagram shows that our spring has a broad range of adjustment compared with the 

previous springs and we can change the stiffness continuously. 

In conclusion, our adjustable stiffness spring meets most of the design 
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requirements. The spring has a relatively broad range of adjustment, and we can 

change the stiffness of spring continuously and wirelessly.  

In the future, our spring can be applied into many fields, like the suspension 

system of the bicycle and the car, the joints of the robots. When we make the volume 

of spring small enough, we can even apply the spring to the shoes to make them more 

comfortable. 
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III. Problem 
Since the spring has been invented, people keep trying to make the stiffness of 

the spring adjustable. Therefore, different concepts have come out to solve this 

problem. However, most of these designs are either big or not adjustable enough so 

that adjustable stiffness springs have not taken the place of normal springs.  

In theory, adjustable stiffness springs can be worked as a buffer in many 

situations, including vehicles and draw-bar box. As long as the size of adjustable 

stiffness springs remains large, the popularity is hard to achieve.  

In spite of the size, price is also a point needs to be improved. Some vehicles use 

air springs because the current price of air spring is lower. However, air spring 

involves better materials to maintain the effect. Thus, theoretically speaking, 

adjustable stiffness springs can cost less money by using cheaper materials. 

Another problem with current designs is the narrow range of adjustment of the 

spring. Some designs have limits in polar, just like the figure above, the adjustment 

can’t be changed continuously, which provides the same effect as a series of different 

springs. Other limits are the size and the deformation of spring itself. 

There are also other problems such as cannot change the adjustment instantly, 

while the ideal adjustable stiffness spring should be able to adjust whenever needs and 

can take effect at once. 

Such kind of problems prevent the adjustable stiffness springs from being 

popular. Thus passengers may bump while vehicles pass through different extent of 
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rough grounds, also fragile goods may be broken when luggage carrier bumps.   

 

In summary, although adjustable stiffness spring has been invited 

today, there are such problems that: 

 The size is big and the price is expensive       

 The range of adjustment is not broad enough  

 The change is not continuous 

 The adjustment is not instant 

 

 

 

IV. Needs 
In summary, to solve the problems, we have several needs: 

 Relatively small and cheap springs. 

 High range of changing stiffness. 

 Continuous change. 

 Instant wireless control. 
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V. Solutions——Adjustable Stiffness Spring 

A new kind of spring is proposed along with accurate computational 

analysis and proposed validation and data base which provides: 

1.Accurate computational model of springs. 

2.The property of different kinds of springs. 

3.A device and technology can help change the stiffness continuously. 

4.Experimental validation at JI’s lab. 

Our final design is shown in the Figure 1. The concept uses inner and outer disks 

to go up or down along with the helical burr of the springs so that the length of 

springs’ working part can be changed. The unique part of our design is that we put a 

smaller spring inside a concentric bigger one as well as change their working parts 

separately. When the stepper motor turns, the inner disk will move first and after it 

goes to the top or the bottom, it will start rotating the outer disk. Generally, because 

the spring is not put linearly, the size is much smaller. Also, since the inner disk and 

the outer disk can rotate separately, the exact stiffness of the spring can be achieved to 

a specific value. 
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Figure1. Exploded View of the spring 

Parts with specific functions are shown as follows: 

• Transporter: The connection between the Motor and the Square Shaft. It ensures that 

the Shaft can rotate with the Motor as well as being pulled out smoothly. 

• C-Shell: The semi-circle case that is used to rotate the Outer Disk and the Under 

Disk. It can be activated when the Inner Disk goes to the upper or the lower bound. 

• Under Disk: The bound that fixes the lower side of Inner Spring. It rotates with the 

C-Shell. 

• Outer Disk: The disk that cuts through the Outer Spring. It is rotated by the C-Shell. 

• Inner Disk: The disk that cuts through the Inner Spring. It is rotated by the Square 

Shaft. When the Inner Disk goes to one bound, it will start to rotate the C-Shell and 
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activate the Out Disk. 

• Inner Case: The case that has threads on both the outer and inner surface. It helps to 

rotate the disks as well as prevent them from being destroyed. 

• Square Shaft: The center shaft that rotates inside the system. It runs the system 

directly. 

• Lid & Outer Case: The case that protect the whole system. It also provides handle to 

test the Adjustable Stiffness Spring. 

 

Figure2. Top view of the spring 
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VI. Objectives 
1. Pre-design some prototypes according to the solutions. 

Pre-designing prototypes can help us get a general idea of the whole project. 

2. Purchase the materials that are needed to build the prototypes. 

Purchasing the suitable materials can help us to build the prototypes more 

precisely and quickly. 

3. Use 3D printing technology to manufacture the parts requiring high 

accuracy. 

By employing 3D printing technology, we can get the parts of high accuracy and 

mechanical strength. 

4. Manufacture the prototypes by designs. 

Manufacturing the prototypes according to our previous designs can help us 

check whether our design is reasonable. 

5. Validation. Test our product and find problems 

By testing our product, we can know whether our product solve the problems 

directly. And the problems we find can be solved in the following process. 

6. Improve our system according to the problem we have found. 

Solving the existed problems in our product can help us improve our final 

product. 

7. Reporting. 

After we completed manufacturing the final product, we will show our product 
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in the symposium and Expo. After that, our customers should know the product 

in details. 

 

 

VII. Tasks 
 

 

 

Task 1: Design the prototypes which solve the problems 

We want to design an adjustable stiffness spring whose stiffness can be changed 

continuously and widely. And the whole system can be controlled wirelessly. To 

change the stiffness of the spring continuously, we design the disk to change the 

effective length of the spring continuously. When the disk rotates, the effective length 
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of the spring is changed. 

 

Figure 3: The inner disk of our prototype 

To change the stiffness widely, we design the prototype which has two springs 

work together. A small spring is in a big spring. To ensure that the inner system links 

the outer system well, we design the C-Shell. 

 

Figure 4: Two springs work together 

To achieve wireless control, we design a square shaft which is powered by the 

stepper motor. And the stepper motor is linked to the Arduino board. We use PS2 

wireless controller to convey information to the Arduino board to control the whole 

system. 
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Figure 5: The wireless control part 

 

After the completion of Task 1: 

• We get a general idea of our whole project. 

• We get an initial design of our product. 

 

 

 

Task 2: Purchase all the materials which live up to our standard 

After designing the prototype, we determined the exact sizes of the small 

components. The spring and shaft we need are very small, and we cannot buy the 

commercial standard products. So we choose to customize them. Although in this way 

the price seems to be high, we can reduce the price dramatically when we can 

manufacture them.                                                 
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Figure6. The customized parts 

Then the step motor and Arduino uno are bought on Taubao.  

  

Figure7. Step motor Arduino uno 

After the completion of Task 2: 

• We get the materials which live up to our design standard 

• We can build the prototypes more quickly and precisely. 

 

Task 3: Use 3D printing to manufacture the main parts of our system 

After determining the design of our Adjustable Stiffness Spring, we bring our 

concept to the 3D-printer. We print two pairs of the main parts in order to compare the 

effect of two kinds of stiffness. The 3D printing products have high intensity and 
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accuracy and the working parts are well coordinated.  

Figure8. The 3D printing products 

After the completion of Task 3: 

• The first version prototype can be assembled. 

• The design problems will be found out. 

Task 4: Manufacture the prototypes with the materials. 

First we combine the inner case with the C-shell. 
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Figure 9: The inner case and the C-shell 

Then put the inner disk and the inner spring into the case.  

                                          

Figure 10&11: The inner disk and the spring 

Next we install the lid and the outer spring. 

                                     

 Figure 12: The inner spring with the lid.   Figure 13: Outer spring with the lid 

 

Finally, we fix the outer case and the transport.  
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Figure 14: The prototype 

After the completion of the Task 4： 

• The prototype is manufactured and we can do our validation. 

 

Task 5: Test the prototype and find problems. 

We first test our stiffness of spring and we get the force versus displacement 

diagram of both the lowest stiffness and the highest stiffness. 

  

 

 

 

 

 

 

Figure 15: The force-deformation graph of the spring. 

Range of the stiffness 
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We can achieve the stiffness of the spring between the lowest and the highest 

continuously when we rotate the disks. 

However, we met with some problems when we test the prototype. When 

assembling the outer cases, we find that the diameter of the inner surface is too small, 

so that it cannot hold the whole system. 

 

Figure16. Parts with problems 

When we try rotating the inner disk with the shaft, the space between the disk 

and the inner case is too tiny. Thus the shaft can not rotate the inner disk smoothly. 

The outer disk also holds the inner case and outer spring too tight. These problems 

show that although we have spare 10% extra space for the relative movement between 
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parts, those pieces can still conflict to each other. 

Another problem with our design is about the under disk. The under disk is not 

thick enough so that it is easy to lean and is hard to fix the lower side of inner spring. 

 

Figure17. The broken transporter 

The transporter connecting motor and the shaft is broken when we pull the 

system. We conclude that the transporter is fragile when being twisted.  

After the completion of the Task 5： 

• We find that the stiffness of the spring can be changed continuously. 

• The extra space should be broadened. 

• Outer Disk, Under Disk, Outer case and Transporter need to be 

redesigned. 

 

Task 6: Improve the system according to the problems we have found. 

Firstly, we broaden the space between every part. Especially, we loosen the 

threads on the outer disk and on both surface of the inner case. 
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Figure18. Redesigned outer disk & under disk 

Secondly, we thicken the under disk to make sure that it can maintain 

perpendicular with the C-shell and hold the inner spring.   

 

 

 

 

 

 

 

 

 

Figure19. Redesigned transporter 

Additionally, we reduce the diameter of the surface inside the outer case so that 

the C-shell can be assembled inside the outer case. 
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Using the redesigned parts, we manufactured our final product in the same order 

as described in task 4. We add the step motor to our final product, which enables us to 

control the spring wirelessly. Figure 20 is our final product. 

 

After the completion of the Task 6： 

• There is enough extra space for disks and cases to rotate. 

• Transporter is strong enough to stand the force that we pull on it.  

• The final version of the Adjustable Stiffness Spring is completed. 
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Task 7: Report. Show our product to the targeted audience in the symposium 

and Expo.  

After completing the previous tasks, we need to write a final report to show how 

we completed our project—Adjustable Stiffness Spring. In the meantime, we need to 

give an oral presentation in the symposium on 6 December, 2014 and show our final 

product in the Expo on 17 December, 2014. During the symposium and Expo, we 

need to illustrate our spring to the target audience and make sure that the whole 

system can work properly to meet our previous requirements. 

After the completion of the Task 7: 

• We will give our customers a report which show our project completely 

• Our customers will understand the project through our demonstration 

during the symposium and Expo. 

 
 
 
VIII. Discussion 
After finishing all the tasks, the adjustable stiffness spring can work to fulfill the 

functions we designed. Here we will discuss the outcome in three aspects: 

• Advantages 
The greatest advantage of our project is the adjustable spring can change continuously 

the stiffness, which has a wild range. What’s more, if we can manufacture the spring 
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with model, the price is cheap enough to attract the customer. Equipped our spring, 

the bicycle will go reposefully on the rough road, even through some obstacles like 

deceleration strip and pebble. And the rider would never worry about shaking 

something down and feeling uncomfortable to the seat. 

• Further improvement  
Now, the adjustable stiffness spring we made just can be controlled by human. But 

sometimes, people cannot control the spring to change the stiffness. We need a 

solution to let the spring can change the stiffness by itself. We can put the sensors at 

the side of the spring, which can test the force and send the message to the main 

controller. Then the main controller can analyze the data and give the response to 

change the stiffness. In this way, the stiffness spring will become more 

intellectualized to deal with various situations easily.   

 
 
 
IX. Conclusion 

Our group, Vigorous Industry, has made a special spring called “Adjustable 

Stiffness Spring”. The goal of the “Adjustable Stiffness Spring” is to fit different 

situations by changing the spring’s stiffness wirelessly. Thus, we designed a system 

which can change the effective length of the spring. To achieve wireless control, we 

use the Arduino board and the PS2 wireless controller to control the stepper motor 
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which runs the system. 

The most important achievement we have made is that we learned the way to use 

the software Solidworks to build 3D model of our product. We use the Solidworks to 

design our product and test it. We can simulate the working process of our product by 

this software. We also use the 3D model to print our product. 

The most important lesson we have learned from the project is that we should be 

creative. We should invent a new solution change a spring’s stiffness wirelessly. We 

can’t just copy the existed design. The only thing we should do is to create something 

entirely new. 

When people are driving a car or riding a bike under different road’s conditions, 

people need to change the spring’s (in the shock absorber) stiffness to fits these 

conditions. Our product offers a good solution to meet the need. Through investment, 

the springs of many cars’ and bikes’ shock absorbs are not adjustable. If the 

“Adjustable Stiffness Spring” can be put into these shock absorbs, people’s feeling of 

driving and riding will be better. 
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X. Schedule 
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XI. Bill of Materials 
The total cost for our spring is 2156RMB including the 3D-printed (1800RMB). The 

material lists are shown in the table 1. 

Table1. Total Cost 

The cost for one prototype is 971 RMB. The list of parts is shown in the table 2. 

Quantity Part description Purchase from Price  

1 Small spring diameter5mm Taobao* 2.5RMB 

1 Large spring diameter20mm Taobao 2.5RMB 

1 Shaft  Taobao 10RMB 

1 Step motor Taobao 8RMB 

1 Arduino uno Taobao 48RMB 

1 Tiny components (use 3D 

print)  

 900RMB 

total   971RMB 

* http://www.taobao.com/ 

Table2. Cost for One prototype 

 
 
 
 
 

Quantity Part description Purchase from Price  

20 Small spring diameter5mm Taobao* 50RMB 

20 Large spring diameter20mm Taobao 50RMB 

20 Shaft  Taobao 200RMB 

1 Step motor Taobao 8RMB 

1 Arduino uno Taobao 48RMB 

2 Tiny components (use 3D 

print)  

 1800RMB 

total   2156RMB 

http://www.taobao.com/
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XIV. Appendix A 
Programming Arduino code for our step motor 

#include <PS2X_lib.h>  //for v1.6 

 PS2X ps2x; // create PS2 Controller Class  

#include <Servo.h>PS2X ps2x; // create PS2 Controller Class 

#include <Servo.h> 

//right now, the library does NOT support hot pluggable controllers, meaning  

//you must always either restart your Arduino after you conect the controller,  

//or call config_gamepad(pins) again after connecting the controller. 

int error = 0;  

byte type = 0; 

byte vibrate = 0;  

#include <Stepper.h> 

  

// 这里设置步进电机旋转一圈是多少步 

#define STEPS 100 

  

// attached to 设置步进电机的步数和引脚 

Stepper stepper1(STEPS, 6, 9, 3, 8); 

Stepper stepper2(STEPS, 8, 3, 9, 6);  

// 定义变量用来存储历史读数 
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int previous = 0; 

  

void setup() 

{ 

  Serial.begin(57600); 

 

 error = ps2x.config_gamepad(13,11,10,12, true, true);   //setup pins and settings:  

GamePad(clock, command, attention, data, Pressures?, Rumble?) check for error 

  

 if(error == 0){ 

   Serial.println("Found Controller, configured successful"); 

   Serial.println("Try out all the buttons, X will vibrate the controller, faster as you 

press harder;"); 

  Serial.println("holding L1 or R1 will print out the analog stick values."); 

  Serial.println("Go to www.billporter.info for updates and to report bugs."); 

 } 

    

  else if(error == 1) 

   Serial.println("No controller found, check wiring, see readme.txt to enable debug. 

visit www.billporter.info for troubleshooting tips"); 
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  else if(error == 2) 

   Serial.println("Controller found but not accepting commands. see readme.txt to 

enable debug. Visit www.billporter.info for troubleshooting tips"); 

    

  else if(error == 3) 

   Serial.println("Controller refusing to enter Pressures mode, may not support it. "); 

 

    

   type = ps2x.readType();  

     switch(type) { 

       case 0: 

        Serial.println("Unknown Controller type"); 

       break; 

       case 1: 

        Serial.println("DualShock Controller Found"); 

       break; 

       case 2: 

         Serial.println("GuitarHero Controller Found"); 

       break; 

     } 

  // 设置电机每分钟的转速为 90 步 
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  stepper1.setSpeed(200); 

  stepper2.setSpeed(200); 

} 

  

void loop() 

{ 

   if(error == 1) //skip loop if no controller found 

  return;  

   

 else { //DualShock Controller 

   

    ps2x.read_gamepad(false, vibrate);                   //read controller and 

set large motor to spin at 'vibrate' speed 

 

      if(ps2x.Button(PSB_PAD_RIGHT)) 

      { 

        stepper1.step(100); 

        Serial.print("Right held this hard: "); 

        Serial.println(ps2x.Analog(PSAB_PAD_RIGHT), DEC); 

      } 
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     if(ps2x.Button(PSB_PAD_LEFT)) 

    { 

     stepper2.step(200); 

    Serial.print("Left held this hard:"); 

    Serial.println(ps2x.Analog(PSAB_PAD_RIGHT),DEC); 

    }  

 } 

  

 delay(5); 

  

} 

 
 
XV.  Appendix B 

Expanded Gantt chart 

 



                        Page 34 of 34 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	I. Executive Summary
	II. Acknowledgement
	III. Problem
	IV. Needs
	VI. Objectives
	VII. Tasks
	Programming Arduino code for our step motor
	#include <PS2X_lib.h>  //for v1.6
	 PS2X ps2x; // create PS2 Controller Class 
	#include <Servo.h>PS2X ps2x; // create PS2 Controller Class
	#include <Servo.h>
	//right now, the library does NOT support hot pluggable controllers, meaning 
	//you must always either restart your Arduino after you conect the controller, 
	//or call config_gamepad(pins) again after connecting the controller.
	int error = 0; 
	byte type = 0;
	byte vibrate = 0; 
	#include <Stepper.h>
	 
	// 这里设置步进电机旋转一圈是多少步
	#define STEPS 100
	 
	// attached to设置步进电机的步数和引脚
	Stepper stepper1(STEPS, 6, 9, 3, 8);
	Stepper stepper2(STEPS, 8, 3, 9, 6); 
	// 定义变量用来存储历史读数
	int previous = 0;
	 
	void setup()
	{
	  Serial.begin(57600);
	 error = ps2x.config_gamepad(13,11,10,12, true, true);   //setup pins and settings:  GamePad(clock, command, attention, data, Pressures?, Rumble?) check for error
	 
	 if(error == 0){
	   Serial.println("Found Controller, configured successful");
	   Serial.println("Try out all the buttons, X will vibrate the controller, faster as you press harder;");
	  Serial.println("holding L1 or R1 will print out the analog stick values.");
	  Serial.println("Go to www.billporter.info for updates and to report bugs.");
	 }
	   
	  else if(error == 1)
	   Serial.println("No controller found, check wiring, see readme.txt to enable debug. visit www.billporter.info for troubleshooting tips");
	   
	  else if(error == 2)
	   Serial.println("Controller found but not accepting commands. see readme.txt to enable debug. Visit www.billporter.info for troubleshooting tips");
	   
	  else if(error == 3)
	   Serial.println("Controller refusing to enter Pressures mode, may not support it. ");
	   
	   type = ps2x.readType(); 
	     switch(type) {
	       case 0:
	        Serial.println("Unknown Controller type");
	       break;
	       case 1:
	        Serial.println("DualShock Controller Found");
	       break;
	       case 2:
	         Serial.println("GuitarHero Controller Found");
	       break;
	     }
	  // 设置电机每分钟的转速为90步
	  stepper1.setSpeed(200);
	  stepper2.setSpeed(200);
	}
	 
	void loop()
	{
	   if(error == 1) //skip loop if no controller found
	  return; 
	  
	 else { //DualShock Controller
	  
	    ps2x.read_gamepad(false, vibrate);                   //read controller and set large motor to spin at 'vibrate' speed
	      if(ps2x.Button(PSB_PAD_RIGHT))
	      {
	        stepper1.step(100);
	        Serial.print("Right held this hard: ");
	        Serial.println(ps2x.Analog(PSAB_PAD_RIGHT), DEC);
	      }
	      
	     if(ps2x.Button(PSB_PAD_LEFT))
	    {
	     stepper2.step(200);
	    Serial.print("Left held this hard:");
	    Serial.println(ps2x.Analog(PSAB_PAD_RIGHT),DEC);
	    } 
	 }
	 
	 delay(5);
	 
	}



