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Summary 
This paper introduces Python as a scientific programming 
language tool for the purpose of teaching kinematic analysis. 
Analysis of linkage contrivances is a predecessor to advance 
analysis of complex mechanisms.  This includes analysis of 
linkage position, velocity and acceleration diagrams. It is much 
dreary and time overwhelming to draw such complex diagrams, 
hence, the better choice is to use modern programing modules.  
An assortment of programing modules is available but, in the 
preeminent information about the author, no one has the 
proficient capability to plot the required diagrams. Owing to 
python programming, dynamic structural support and flexible 
functionality, necessary programs are inscribed straightforwardly 
and a quick initiative is decided. The judgement of prevalent 
programming languages is characterized from the opinion of their 
expediency of usage for course learning outcomes. This paper 
highlights current scenario of python’s progress and introducing 
python as an innovative programming language-teaching system 
based on kinematic analysis in higher education institutions. The 
concerns of python design based learning approach is to 
substitute the formal way of teaching the subject course.  
presented.  
Key words: 
kinematic analysis using computer programming, programing 
languages, Four bar linkage, python for engineering scholars.  

1. Introduction 

Kinematic analysis is the core subject of physical and 
mathematical science  in which engineering scholars  
analyze position, relative velocity and acceleration 
diagrams for synthesis of linkage mechanism [1]. There are 
certain practices that offer to present kinematic analysis 
with mathematical and graphical approach. Those related 
with formulation of derivation of motion of particles to 
create mechanical linkage are analyzed with analytical 
concept [2] . However, to investigate a possible correlation 
among various parameters then a graphical approach is 
needed which is extra perceptive due to some sort of 
knowledge of geometry and drawing techniques for 
determining position, velocity and acceleration diagrams of 
rigid links [3].Constructing Position, Velocity and 
Acceleration diagrams normally devour much of time that 
considerably needs the exercise of a programming and  
model software. Computer programming with dynamic 
software packages, is a tool for engineering scholars to 
solve problems. Majority of these packages include 

spreadsheets and MATLAB but owing to synthesis of 
mechanisms that need analysis and modeling on finite 
elements, require intricate mathematical reckonings  [4]. 
Obviously there exist much of the simulation and linkage 
software used for the synthesis of mechanism but majority 
of these software is based on graphical user interface 
(GUI) however its demerit is that only the input data along 
with the final results may be visualized while the operating 
interfering code is veiled from the access [5]. Some of the 
available free and paid software versions are Linkage 3.4, 
Ultimate Mechanism Design, ESKAM, Mechanisms with 
Universal linkages, Synthesis of Planar Mechanism 
respectively but nearly all of them with some deficiencies 
are unable to present the required linkages position, 
velocity and acceleration polygons [6]. Keeping in views 
these issues, the author main focus is to develop these 
diagrams with application of more comprehensive and 
modern programming software like Python programming 
language that utilize a list of various modules [7]. It 
provides the principle to promote the study of kinematic 
analysis of different linkages vector diagrams with further 
interference for any possible alterations within input values 
with clear and amazing graphical results based on different 
parameters and variables. Additional remarkable piece of 
the python programing module is that it supports 
requirements of concerned instructors, lecturers and 
teachers for operative coaching and increases the scholars’ 
interest thus improving intellectual approach.  
Actually, the computer based programming languages and 
other sophisticated software packages may be used to teach 
kinematic analysis pertains to of motion of various rigid 
components of a system. The use of these software 
packages allows to test and analyze the efficiency and 
performance of the components and simulate the conduct 
of these components before the constructing stage of 
proposed prototype model [8]. By means of the customary 
attitude of education that is based on talk, walk and chalk, 
tries to convey information from the educator to an 
inactive receiver. But, due to involvement of technology, 
there is a rising consciousness between higher education 
teachers that this flair of teaching is only appropriate for 
coaching numerical investigation, it takes some types of 
limits when it concern to development, originality and 
combination, where dissimilar possible explanations have 
to be verified [9]. Therefore, it is vital to associate teaching 
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by customary talks and vigorous knowledge based methods 
to present great inspiration [10]. 
In addition, dimensional analysis of various systems, the 
customary mathematical investigation of the calculations 
may be a tough and challenging task which is not probable 
in particular circumstances. Hence the contemporary 
programming techniques deliver an effectual way to 
support scholars in the dynamic knowledge process  [11] .  
In this paper, the computer-generated authentic 
competences are presented in teaching kinematic analysis 
of four bar linkage mechanism. The rest of the work is 
prearranged as follows. In last part the necessary python 
programming techniques for simulation of kinematic 
analysis of position, velocity and acceleration are 
highlighted. The major topographies and supported 
features of the Python language are defined in details and 
finally the chief conclusions of the current study are 
discussed. 

2. Review of kinematic analysis  

2.1 Position Analysis 

In this regard, an analytical approach as presented in 
Figure1 through which the expected results will enable to 
explore the required position and the point of reference of 
every link. The input variables to work with are illustrated 
with required angles [12] . Assuming a four bar mechanism 
with  
Link 1-  ground or fixed link; 
Link 2 - crank or rotator link; 
Link 3 - connecting rod or oscillating link and 
Link 4 - follower or slider link  

 

Fig.1  Configuration of positions of four bar linkage 

Link 4 and link 1 both have an offset with ground with 
their vector R4.Further assuming that the crank after being 
energizing has gained a new position with turning angle 

θ2while the remaining angles formed and gained their new 
position by the crank turning as shown in Figure 
1.Developing trajectory loop equations for obtaining an 
absolute position of each individual pinned joint centers as 
link 1 is frame or fixed then absolute positions are 
considered those links which have motion with respect to 
the other links. 

 
Defining the position of points from equation set (1): 
 

However new position of turning angle of connecting rod 
i.e link3and new position of slider link 4 can be analyzed  
using equation sets (3) and (2) respectively. A new 
oriented diagram of corresponding position is pinched 
though this way as shown in Figure 2. 
 

 

Fig. 2  New oriented position of linkages 

2.2 Velocity Analysis 

In this regard the relative position of every corresponding 
link is necessary to be determine as the required rotatory 
motion of the individual link with reverence to the other 
becomes important as this vector will always be vertical to 
the specific link [11]. However, if a vibratory motion is 

R1 + R2 = R3 + R4 (1) 

 (2) 

 
(3) 
 
 

 
(4) 
 

 
 

(5) 
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experienced then the orientation of its corresponding 
relative vector will be allocated through the trend of the 
applied motion. For rotary link 1crank, a velocity vector is 
shown in Figure 3 for representing its required extent of 
velocity and direction however it is observed that the 
orientation of the relative velocity vector of connecting rod 
i.e Link 3 is acting perpendicularly on it while the 
orientation of velocity vector of the fourth and final link i.e 
follower is acting along its sliding motion [13] . Through 
this combination a polygon of velocity vector is attained by 
these junctures related points generated from these two 
different directions of motions and the corresponding sides 
of the polygon show the required velocity vectors that 
explain about the direction of the velocity which is 
calculated on the basis of its magnitude. To work with 
Python and to successfully obtained the required 
mechanism the scale of the initial linear velocity has been 
calculated at the end point of the corresponding linkage 
hence the product of these two parameters yields the linear 
velocity of each individual link. Let ω2 as angular velocity 
of the crank that is Link 2 and R2 as Effective Length of 
the Crank (AB), then the magnitude of the linear velocity 
observed at point B may become equal with respect to 
corresponding point A: 

 

(6) 

Now with reference to Figure 3 for slider mechanism let’s 
drawing the velocity vector representing with ab normally 
acting to points A and B and having corresponding linear 
velocity as V2. Next, in order to analyze the polygon of 
velocity, let’s draw bc and dc the corresponding velocity 
vectors which are exactly same to the required velocity of 
kinematic links 3 and 4 acting normally to lines BC and 
DC respectively. Let: ω3 – Angular Velocity of 
Connecting Rod i.e Link 3 (bc) and R3 -  Effective Length 
of the corresponding Link (BC), then the magnitude of the 
angular velocity observed at point B and C may be: 
  

 
(7) 

 
While the corresponding linear velocity of the follower 
link is given by: 
 

V4 = DC (8) 

 

Fig.3  Velocity vector diagram 

2.3 Acceleration Analysis 

The acceleration analysis involves with linear acceleration 
of each rigid link and for instance there are two 
components in which one acts radially while the other one 
tangentially [13]. Assuming that A2 (radial) and A2 
(tangential) are the two consecutive constituents of 
acceleration pertaining to Link 2. Determining those two 
components of acceleration. 
 

Form equations (9) and (10) the resultant required 
acceleration pertaining to Link 2 is obtained.  
 

   (11) 

 
It is also noticeable that Slider (Link 4) moves with linear 
velocity hence it creates a component of tangential 
acceleration. However, for Link 3 this component will be: 
 

A3 (radial) = (ω3)2 x R3 (12) 
 
The oriented acceleration vector diagram as shown in 
Figure 4 represents the corresponding acceleration vectors 
i.e aa' & ab' constructed along the normal line to AB with 
A2(radial) and A2(tangential) as magnitude. Using the 
same strategy, here is acceleration vectors i.e bb' 
constructed along the line to BC with A3(radial) as the 
magnitude. In order to finally construct the required 
acceleration polygon velocity vector b'c along with cd are 
represented normal to line BC and DC separately. To 
obtain the linear acceleration for Link 3 (a3) and for Link 4 
it would be(a4) respectively: 

A2 (radial) = (ω2)2 x R2 (9) 

A2 (tangential) = (α2)2 x R2 (10) 
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A4 = dc (13) 

A3 = bc (14) 

 

 
 

Fig. 4  Slider mechanism Acceleration vector diagram 

3. Choosing best programming language: 

In fact, engineering scholars use the principles of science 
and mathematics to find solutions of a certain system 
design, development, testing and managing production. 
They also model corporeal systems and technological 
processes in the physical domain as mathematical models 
and forecast their behavior. This aptitude to simulate actual 
systems or processes with mathematical approach is 
basically a primary fragment. Obviously the available 
programming languages used for solution of mathematical 
complications comprise of MATLAB, Fortran and Scilab 
[17]. The acceptance of Scilab and MATLAB is 
principally due to the quick response of results since they 
possess an unpretentious syntax, using matrix for data 
edifice with exclusive libraries and 2D and 3D data 
presentation but these programs lack some of the needs of 
the engineering scholar. Similarly, by considering various 
demerits of Pascal language which reduces its capability in 
physical projects, and, as a consequence, dwindling of its 
admiration, selecting a general and necessitated language 
makes intellect. [18]. Next significant measure is the 
technical capabilities of respectively programming 
language for teaching, especially at novice level. [19]. 
Let’s have a review to choose a specific language out of 
the following. 
Pascal: Obviously is considered a decent language to teach 
programming, but unfortunately utilization of this 
programming language in practical submissions is on the 
diminish, hence novel based programming languages are 
substituting it. Furthermore, current programming settings 

are either outmoded or branded. Another  substantial 
motive to trash Pascal language is a poor inspiration of 
scholar to study it owing to the real-world unfeasibility to 
use it in their projects [20]. 
C++: Still considered one of the favorite and widely used 
programming language due to its convenient and user 
friendly environment to teach basic abilities of system 
programming to computer programmers. However special 
teaching skills and knowledge is required to teach 
specialists, but not novices [21]. 
PHP: Hypertext Preprocessor (PHP) is basically a scripting 
programming language and specifically designed for 
general purpose and Web development as well. In spite of 
its reputation, the language is not very stylish and 
topographies syntax illogicalities, non-synchronization in 
meaning names and a lively typing of certain variables    
with a likelihood to change a specific type. The language 
use C type syntax only for web programming purpose 
hence not much appropriate to teach programming to 
beginners. 
JavaScript: JavaScript is typically used as implanting 
language for access of programs to various objects and 
normally uses in web browsers. However, some demerits 
associated with this language is its visibility to everyone 
that is the java script code is always available to anyone. 
No matter how fast JavaScript construe, its document 
object model (DOM) experience much slow response and 
its single error automatically stop to render with complete 
site. Hence not proper to teach programming to scholars 
because of the individualities of its use [22]. 
Python: For cooperative purposes, python is considered a 
high-level programming language, with a stress on a 
developer’s output and readability of syntax code. Due to 
its dynamic features and compatibility opportunities like 
active typing, complete self-examination and multi-
threaded reckonings provision, it will be stared as an 
opponent to substitute Pascal language. 

4. Python Programing Language Module 

Python is renowned, comprehensively acknowledged and 
easy to recognize programing language due to its 
vigorously typing with great number of built-in data types 
and simple syntax. Its features like READ, EVALUATE, 
PRINT LOOP (REPL) is comparable to those with Scilab, 
and MATLAB thus making it tremendously valuable and 
instinctive for engineering scholars [23]. Figure 5 
illustrates three basic Python operating system has three 
main modules: The input module followed by processing 
and the output module. The input describes the user 
interface for mechanical scheme which is pure text built. 
The system script produced is interpreted into abstract 
syntax for creating the required equations of linkage 
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motion with the help of processing module[24]. During the 
analysis step module, the set of given equations is 
abridging and decreases and permits them for necessary 
generation of perspectives code which generates the output 
profiles. The graphical portions module calculates the 
required positions and locations of the linkage elements of 
mechanism.  
 

 

Fig. 5  Python operating systems 

Python programming integrates the multipart tasks into 
slight interrelated ones. Basic function of python modules 
is to make the improvement and debugging process easy, 
and may be merely introduced to permit the use of 
numerous utilities [25]. Some of the Python modules are: 
• CPython is the standard version of Pythons 
executed in C++ and in Python as modules.  
• NumPy – Numerical Python, outfits the multi-
dimensional array.  
• SciPy – Scientific Python, provides a large 
number of numerical methods.  
• Sympy – Symbolic Python. 
• Matplotlib – Mathematical Plotting Library that 
generates the plotting utilities.  

4.1 Anaconda 

Anaconda IDE (Integrated Development Environment) as 
shown in Figure 6 presents some appropriate and 
comprehensive means to start a working atmosphere for a 
scholar as well as for a practiced designer. Anaconda IDE 
offerings a command streak interpreter provided with 
radical landscapes. Some of them are syntax 
accomplishment, keyword importance followed by a folder 
browser. Anaconda presents the current and much more 
characteristics just in a meek and instinctive way. Further, 
Pandas outfits the Data Frame not only make it possible to 
write programs for image processing, machine learning and 
computer vision, but also easy and fun.  
 

 

Fig. 6  Main anaconda IDE view 

4.2 Spyder 

Spyder is basically an open source program access 
integrated development environment (IDE) flexible 
platform for developing scientific programming modules 
using Python language. Initially spyder assimilates with 
wide  number of protuberant and amazing software 
packages in the scientific Python pile, that fully include 
additional libraries like NumPy, Editor,  SciPy, I Python, 
Matplotlib, pandas,and Cython, followed by other extra 
open sources capabilities.  Spyder integration development 
environment module was initially shaped and established 
in 2009 by Pierre Raybaut, however since 2012 it has been 
upgraded on regular basis and unceasingly enhanced by a 
team of scientific based community developers. Spyder has 
open extension, support and various plugins for interactive 
tools for data visualization , inspection and implants 
specific programming code and self-examination 
instruments which are available at cross platform using 
Anaconda on Windows. The Spyder IDE as shown in 
Figure 7 delivers a convenient way for working with 
Python files.  Its name originates from Scientific Python 
Development EnviRonment and considered as a major 
components of the anaconda distribution. It resents three 
panes: 
 Editor: used for writing and editing program 
supported with Run option for results. 
 IPython Console: used for writing Python 
provisions using console window. 
 Help Explorer, variables, and File. 
 

https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/NumPy
https://en.wikipedia.org/wiki/SciPy
https://en.wikipedia.org/wiki/Matplotlib
https://en.wikipedia.org/wiki/Pandas_(software)
https://en.wikipedia.org/wiki/Cython
https://en.wikipedia.org/wiki/Anaconda_(Python_distribution)
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Fig. 7  Spyder IDE shell view 

4.3 Jupyter 

Jupyter Notebook is another enormous assistance of 
Python for academics. It is a web based investigative 
programming environment for Python. Code can be 
generated and executed in parallel while output in the form 
of both text and graphics displayed under the cell. 
Similarly, the notebook may also be converted to PDF or 
HTML formats [26]. It is feasible to evaluate scholar’s 
assignments by a web facility that can automatically assess 
the code and show if the required code qualify all tests 
assigned by the instructor.  Jupyter Lab which is another 
expansion of the Notebook into a full IDE and allocates 
superior programming efficiency [27]. 

5. Methodology 

 Core drive of the current work is to write a Python 
program for presenting position, velocity and acceleration 
diagrams using equations 1 to 14 related to a four bar 
linkage mechanism especially for pedagogics persistence. 
Initializing Programming module using python library to 
simulate a four bar linkage and introduce the command for 
handling kinematic loops using complete source code. As 
usual, start to create a model system and adding various 
parameters. Here, they are the lengths, masses and inertia 
of the bars to be connected: 
 

 

6. Results 

The required mechanisms carefully modelled carefully and 
independently in Python program shell however final 
analyses and results have been executed using spyder 
integration simulation module. The computed results were 
associated at distinct locations for some response 
constraints and establish to be similar with the final results 
acquired from manual computation. After inserting the 
script in spyder editing shell and running the program, the 
output will look like as shown in Figure 8. 
 

 

Fig. 8  Spyder explorer variable explorer pane. 
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Figure 9, 10 and 11 shows the IPython console pane in 
which the graphical output by provoking the input 
variables for required position, velocity and acceleration 
diagrams of four bar linkage mechanism. 
 

 

Fig. 9  Spyder IDE IPython console output of position analysis 

 

Fig. 10  Spyder IDE IPython console output of velocity analysis  

 

Fig. 11  Spyder IDE IPython console output of acceleration analysis 

5. Conclusion 

Presently the practice of Pascal programming language to 
teach engineering scholars at begging level has become 
antiquated while Python language that is more influential 
and modest, is recommended to be applied for various 
drives. Python assures to be an innovative language to look 
forward to in the educational and scientific fields. Due to 
its wide programming modules, learning can be ongoing 
without any groundwork hence Python has effectively 
achieved courtesy around the world owing perfect 
sophistication and pointed development bends particularly 
for effortlessness of teaching as well as learning. It well 
serves the basic needs of engineering scholars for 
kinematic analysis of synthesis. Due to availability of a 
great number of software developers, Python has proved 
irritating collections of programming modules for various 
scientific and educational problems. Hence, Python 
educated engineers may satisfy the straining of modern job, 
which stresses on careful path. In this work kinematic 
analysis of linkage position, velocity and Acceleration 
diagrams were studied using python programming 
language. Similarly, simulation necessary for illustration of 
vectors analysis were presented that might be used by an 
instructor with formal way of teaching. Programming 
knowledge based teachers and instructors with strong 
awareness of Python language are constantly in petition, 
and they are sound remunerated. Therefore, those who 
grasped Python, can seek to start decent positions in data 
processing, information technologies and computer science 
based companies. In this paper, an effort to validate the 
computer-generated authentic capabilities regarding 
teaching of kinematics analysis was presented. In wide-
ranging, engineering scholars studying this course subject 
for future project building, teaching have communicated 
improved appreciative of the topic with the incorporation 
of related software and programming tools. It is extremely 
inspiring, for concerned learners, to experience some 
simulations and to perceive the outcome of all the precise 
formulae that they settled before, they texture that all the 
established determination is essential and they also observe 
the usefulness of these results. The basic aim of this paper 
was to establish the possible potentials of the presentation 
of a suitable programming language using Python based 
approach that use various graphical programming modules 
in the course subject of kinematic analysis of a complex 
system. 
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