
LAB 8: INTRODUCTION TO LABVIEW  

 

8.1 Simulation of a Spring Mass Damper System 

 

LabVIEW can be used to simulate a dynamical system in a block diagram form. This section will 

describe how to simulate a transfer function in LabVIEW. 

 

8.1.2-8.1.5. Refer to the Prelab for the spring-mass-damper system equation of motion. We 

will simulate this system using LabVIEW environment. Open LabVIEW from Windows Start 

Menu, a window will pop up (as shown in Figure 1). Close the “Set Up and Explore” window. 

Create a new VI by clicking File → New VI. Save the VI and give it a name in your Lab 8 directory. 

Then, follow the steps below to draw the block diagram of the system.  

 

 
Figure 1. LabVIEW initial window 

1. In the Block Diagram window, right click anywhere and hover over the Control Design & 

Simulation menu and then click on the thumbtack in the upper left corner to keep the menu 

open as shown in Figure 2. 

 

 
Figure 2. Control Design & Simulation menu. 



2. Click on the Simulation button, and then on the Control and Simulation Loop. With this 

tool selected, draw a box in the Block Diagram window to create a new Control and 

Simulation structure as shown in Figure 3.     

 

 
Figure 3. A blank control and simulation loop  

3. Click the Signal Generation button under Simulation and then select the sine signal. Click 

inside the simulation loop to place the block. 

4. Return to the Simulation menu by clicking the up arrow, and then press the Continuous 

Linear Systems button and place two Integrators in the block diagram. 

5. Return to the Simulation menu and then go into the Graph Utilities menu. Place a SimTime 

Waveform icon in the block diagram. 

6. Return to the Simulation menu and then go into the Signal Arithmetic sub-menu. Place two 

Gain icons and a Summation icon in the block diagram.  

7. Double click on the summation icon and increase the number of terminals to four: one plus, 

two minus, and one equal.  

8. Right click on two of the gain icons and select Reverse Terminal.  

9. To set the parameters for the system (the mass, the stiffness coefficient, and the damping 

coefficient), we need to create controls (inputs) on the Front Panel. First, we go to the Front 

Panel, and then right click anywhere to open up the Controls menu. Hover over Numeric 

and select Numeric Control. We will create a total of five Numeric controls for the initial 

conditions (v0, x0) and the three parameters (m, k, c).  

10. Go back to the Block Diagram and we will see five new blocks with each representing 

the corresponding control on the Front Panel. Now we need to integrate these controls 

into the system. Double click on the Integrator blocks to bring up the Integrator 

Configuration window. Under Parameter Information, change the Parameter Source to 

Terminal on the drop-down menu as shown on Figure 4. 

 



 
Figure 4. Integrator Configuration 

Repeat for the two gain blocks. The initial conditions of the integrators will be set by the 

v0 and x0 controls. 

11. For the two gains will be set by the m, k, c controls. Then, connect the corresponding 

control blocks to the input port of the function blocks. 

12. Set the value of each gain by right clicking on its icon and selecting Configuration. 

13. Connect the terminals by hovering over the icons terminals and clicking to connect the 

wires. The final layout of your block diagram may look like Figure 5. 

 

 
Figure 5. Complete Block Diagram of Mass-Spring-Damper System 

14. Switch to the Front Panel, you can enlarge the graph window by resizing it. 

15. Set the initial parameters on Front Panel as follows: mass=1 kg, k=20 N/m, c=0 N/(m/s). 

Divide 



 

 
Figure 6. Setting Initial Parameters 

16. The simulation can be executed by clicking the right pointing arrow button in main toolbar 

of the Front Panel. You might need to increase the simulation time. To do this go the block 

diagram, double click on the small box that is on the left side of the simulation loop, and 

increase the final time. Then execute the code again. 

17. Answer questions 8.1.1 to 8.1.3 in the short form. 

18. Add damping to the system. Change the damping value to obtain an underdamped, 

critically damped, and overdamped response. Write down the corresponding damping 

values in the short form, and attach the plots for the three cases and label them as Figure 

8.1.2, Figure 8.1.3, Figure 8.1.4 respectively. 

19. Answer questions 8.1.4 and 8.1.5 in the short form. 

Save the program, as you might use it for the next section. 

 

8.2 Control of a Spring Mass Damper System 

 

Now, we will utilize the transfer function block to represent our spring mass damper system. This 

will facilitate implementing different types of controllers for this system. 

1. You can use a copy of the last save program. In the new version, you might need to keep 

only in the block diagram: the simulation loop, and the two graph icons. 

2. Click the Signal Generation button under Simulation and then select the step signal. Click 

inside the simulation loop to place the block. 

3. With the Control and Simulation module, it is possible to define a transfer function by 

using the Transfer Function block under Continuous Linear Systems submenu. After 



placing the Transfer Function block in the Block Diagram, double click on the block to get 

to Configuration. Again, we choose the Parameter source to be Terminal. 

4. Right click on the second input port of the Transfer Function block (which says Transfer 

Function) and select Create >> Control. Connect the step signal to the transfer function 

input. 

5. Now you should see a cluster icon on the Front Panel. We will resize the Numerator box 

and Denominator box so the Numerator will have three inputs while the Denominator will 

have four inputs, as shown in Figure 7. 

 
Figure 7. Transfer Function Parameter Array 

6. To show the set point and the system response into one graphs, we need to insert an array 

block. Right click anywhere on the block diagram to bring the Functions menu up. Hover 

over Array and click on Build Array. We can add additional inputs by right clicking the 

Build Array block and then select Add Input. 

 
Figure 8. Build Array block 

7. Connect the remaining wires as shown in Figure 9. 

8. Your Front Panel may now look like Figure 10. 

 

 
Figure 9. Complete Block Diagram for PID Control 

 

Make sure to connect the output 

terminal (NOT the state) 



 
Figure 10. Complete Front Panel for PID Control 

Now we will proceed to tune the PID parameters in order to achieve a certain desired 

performance. Recall the following table from Pre-lab: 

 

Parameter Overshoot Settling Time S-S Error 

𝑲𝑷 Increase Small Change Decrease 

𝑲𝑰 Increase Increase Eliminate 

𝑲𝑫 Decrease Decrease Small Change 

 

For each controller type, we have a closed loop transfer function taking the form of the following 

Equation. The transfer function coefficients are shown in Figure 11. The following Equation and 

Figure shows the parameters to be tuned: 

 

𝐻(𝑠) =
𝑎2𝑠2 + 𝑎1𝑠 + 𝑎0

𝑏3𝑠3 + 𝑏2𝑠2 + 𝑏1𝑠 + 𝑏0
 

 



 
Figure 11. Transfer Function Coefficient Definition 

 

8.2.1. Proportional Control 

First, we will simulate the closed-loop response with Proportional Control only. Refer to the 

Prelab for the transfer function of the closed-loop system with proportional control term. 

Set 𝐾𝑃 = 300. Enter the values of the transfer function into the Transfer Function input on the 

Front Panel accordingly. 

 

8.2.2. Proportional-Integral Control 

Then, we will simulate the closed-loop response with PI control. Refer to the Prelab for the 

transfer function of the closed-loop system with proportional and integral control terms.  

Set 𝐾𝑃 = 30 and 𝐾𝐼 = 70. Enter the values of the transfer function into the Transfer Function 

input on the Front Panel accordingly. 

 

8.2.3-8.2.5: Proportional-Integral-Derivative Control 

We will simulate the closed-loop response with PID control. Refer to the Prelab for the transfer 

function of the closed-loop system with proportional, integral, and derivative control terms. Refer 

to the Prelab for general tips of the parameters tuning to obtain the desired system response: 

 

 No overshoot 

 No Steady State error 

 Settling time less than 1.3 sec (5 % Settling time) 

 

Enter the values of the transfer function into the Transfer Function input on the Front Panel 

accordingly. Write down the tuned parameter values that give the desired system response. 

Comment on the performance. Record the response and label it as Figure 8.2.3. 

 


