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Abstract 
 
Animation is the one of novel methods in using of electronic learning to explain 
engineering concepts, however many animations are only able to explain the working 
concept of a system and therefore do not provide an access to get into the variable of the 
system. This paper therefore presents example of interactive animations which can 
simulate virtual parametric study of single degree of freedom of spring-mass and 
projectile trajectory. These techniques will assist students to perform virtual parametric 
study and be a tool to derive mathematical relations. 
 
 
1. Introduction 
 

The advance of computer technology has revolutionized the processes of writing, 
reading, simulating and visualizing. Therefore the engineering education has taken the 
benefit of this technology to update the method of delivering of subjects to the students. 
Multimedia courses have been developed by several researchers and teachers to facilitate 
the easy understanding of engineering concepts. The benefit of using the multimedia is 
that it allows better explanation of physical processes as well as models of complex 
geometry by visualization and simulation. The visualization issue is one of the key points 
in the learning process of engineering subjects. Some authors have visualized the concept 
of engineering in 2 or 3D in their lectures, they however have not been yet interactively 
simulated parameters [1], [2], [3] and [4]. The concept behind the making of an animation 
is the same as the making of a cartoon. To make an animation a lot of pictures are needed. 
Each picture shows a different movement, but the difference is a minor one. When all the 
pictures are gathered in a sequence, the effect is the object in the picture will like as it is 
moving. The design of the animation needs the understanding of the sequence of the 
process. Without the understanding of the sequence of the process one might create a 
wrong animation. The animation was designed by different software such AUTOCAD 
combined with the Window Movie Maker, GIF, and Flash. An example of the animation 
of the suspension system is shown in Fig. 1 and Fig. 2 [5]. Fig. 1 shows the working 
operation of vehicle suspension and Fig. 2 represents a simplified model of a vehicle 
suspension system. These animations, although can assist students to understand the 
working operation of the component easily, however, can not be used to do a parametric 
study. 
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Fig. 1  Suspension of vehicles Fig. 2  Simplified suspension system 
 

This paper presents therefore interactive animations that are not only visualize the 
engineering subjects but become a virtual laboratory to perform a parametric study in 
order to predict the behavior of the system. The interactive animation related to the 
suspension system of a vehicle is taken for an example. The primary objective of this 
interactive animation is to study the behavior of a system subjected to given excitations. 
The behavior of the system is characterized by the motion caused by the excitation and is 
commonly referred to as the system response. The motion is generally described by 
displacement, and less frequently by velocity or acceleration. A very important subject in 
a vibration study is the response of a system to external excitations.  
 
 
2. The Techniques to Develop the Interactive Animation 
 
Techniques to develop an interactive animation of free response of single-degree of 
freedom linear system will be discussed. It could be said that in general, the suspension of 
a vehicle can have many degrees of freedom. The simplest mathematical model of the 
suspension of a vehicle is a spring-mass-damper system. The vehicle of mass m is 
connected to its axle through a spring of stiffness k in parallel with a viscous damper of 
damping coefficient c [6], [7]. The procedure for obtaining the response of a system to an 
initial excitation including the influence of the spring and the damper is done by deriving 
the differential equation of that system. 
The differential equation of a damped single degree of freedom is: 
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The general solution to the above equation is: 
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where C1 and C2 are arbitrary constant to be determined from initial condition of the 
system while 
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An interactive animation is developed based on that solution to create the virtual 

parametric study of single degree of freedom. The animation was created using 
Macromedia Flash MX 2004 Professional and was made interactive by programming 
using action script. Although there are other programming languages which were able to 
produce this kind of interactive animation, such as C++ and Visual Basic, however, 
Macromedia Flash MX 2004 Professional was chosen as the development software 
because it has complete package such as drawing editor, timeline animation, and action 
script which is an object oriented programming language. Moreover, the result is compact 
in size and easy to publish. 

At first, all necessary objects like a mass, spring, display, etc. were drawn using 
drawing editor. Layers were used to organize the components of the drawing. Afterward, 
codes, based on the formulas which were derived before, were embedded into the objects 
and sometimes the layers to animate the objects. Lastly, interactivity is added by creating 
programmed buttons, sliders, and draggable objects. 
 
 
3. Interactive Animation to Simulate Parametric Studies 
 
Fig. 3 shows the interactive animation of a single-degree of freedom of spring-mass-
damper system. The inputs of the system are the value of mass, spring constant, and 
damping coefficient. The outputs are displacement, velocity of the mass. The disturbance 
is exerted by pulling the mass. Fig. 3 shows the response of the undamped system to the 
exerted force which is consisted only mass and spring. The spring-mass system is also 
referred to as a simple harmonic oscillator, as well as an undamped single-degree of 
freedom system. If the damping coefficient is zero, then the simple single-degree of 
freedom system might represent a machine of mass m supported by a flexible horizontal 
beam of stiffness k in the vertical direction. The response of the spring-mass model 
predict that the system oscillate indefinitely. However, everyday observation indicates 
that the most freely oscillating system eventually die out and reduce to zero motion. 
Many factors contribute to this slowdown. This experience, therefore, suggests that the 
spring-mass needs to be modified with additional viscous damper. Fig. 4 shows the 
response of the damped single-degree of freedom system which is consisted of a mass, 
spring and viscous damper. The response of the system decays after some time. Students 
can experiment freely using this software by changing the parameters. In this way 
students can understand the influence of the physical properties of the system to the 
performance of the system easily. It is requested that the students can explore the 
response of the system with a different category such as undamped motion, overdamped 
or critically damped motion. It is hoped that students eager to know the solution to the 
problems with more complicated models such as the influence of the road and the number 
of the tires and used it as a tools to help them to understand the mathematical relation of 
the spring-mass-damper system. 
 



 
Fig. 3 Undamped  natural vibration Fig. 4 Damped natural vibration 

 
 
4. Another Example of an Interactive Animation for Parametric Studies 
 

Another example of the interactive animation is the projectile motion as a function 
of the departure angle and initial speed. Visualization of the projectile position versus 
time indicates the trajectory of the projectile. A projectile is any body that is given an 
initial velocity and then follows a path determined entirely by the effects of gravitational 
acceleration and air resistance. A batted baseball, thrown football, package dropped from 
an airplane and bullet shot from a rifle are all projectiles. The path followed by a 
projectile is called its trajectory. The analysis of this common type of motion is started 
with an idealized model, representing the projectile as a single particle with an 
acceleration (due to gravity) that is constant in both magnitude and direction [8]. The 
effects of air resistance are neglected as well as the curvature and rotation of the earth. 
Like all models, this one has limitation; the curvature of the earth has to be considered in 
the flight of long range missile, and air resistance of crucial importance to a sky diver. 
Nevertheless, a lot of things can be learned from the analysis of this simple model. The 
key to analyze the projectile motion is that the x- and y-coordinates are treated separately. 
The x-component of the acceleration is zero, and the y-component is constant and equals 
to g. (Remember that by definition, g is always positive, irrespective with our choice of 
coordinated direction). So the projectile motion can be analyzed as a combination of the 
horizontal motion with constant velocity and vertical motion with constant acceleration. 

 

Fig. 5. Interactive animation of projectile 



Fig. 5 shows the interactive animation of the projectile motion. Students can change 
the initial speed or departure angle. Different input data will give a different trajectory.  
In this way, the students can easy understand the influence of the related parameter. The 
animation can also help lecturers to derive the mathematical equation related to the 
problem. 
 
 
5. Conclusions 
 

The animation has become a new technique to explain the engineering concept and 
can be used as a virtual laboratory for parametric studies. The visualization of the concept 
can enhance the exploration new ideas. The virtual instrumentation will be developed in 
the future in order that students can learn and simulate much more experimentations. 
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