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Abstract The paper presents the kinematic analysis of Klann´s 
linkage mechanism using MSC Adams simulation software. The 
paper states the use cases of the linkage and methods of analyzing 
its kinematic properties. The linkage creation process is presented 
along with adding the required constraints and joints. Simulations 
are focused on evaluating the behavior of the mechanism along with 
the trajectory, velocity, and acceleration of significant points. 
Significant points analyzed are the driving crank and the end of the 
link touching the ground. The results of the analysis are displayed 
graphically thus representing the mechanism motion.  
 
Keywords simulation, mechanism, analysis, trajectory, angular 
rotation, angular velocity, angular acceleration 
 
 
 

1. INTRODUCTION 
 
Robot walking mechanisms, a fascinating blend of engineering and 
biology, have captivated researchers and enthusiasts alike. These 
mechanisms enable robots to traverse diverse terrains, from flat 
surfaces to rugged landscapes, mimicking the natural gait of 
animals. There are 5 methods of robotic movement widely utilized 
in the industry namely wheeled, tracked, bipedal, aerial, and 
crawling. Over the millennia animal locomotion adapted to all sorts 
of terrains and environments making it the most dynamic way of 
movement. Dynamic movement and adaptability are complicated to 
recreate using mechanical components. This interdisciplinary 
approach, drawn from fields like biology, mechanics, and control 
engineering, has led to the creation of innovative walking robots that 
push the boundaries of robotic capabilities. The major advantage of 
mimicking animal-like movement is its agility and adaptability to 
the terrain thus making it more versatile than wheeled or tracked 
vehicles. Stability and efficiency are the main problems and focus 
points when designing the animal-like movement system. Every 

movement or motion mechanism consists of 2 components called 
links and joints. These components create linkage. Linkage can be 
described as a mechanical assembly of rigid bodies connected with 
joints that allow relative motion between the bodies. Relative 
motion can be either translational or rotational. When talking about 
the robotic arm motion system, the endpoint of the last link has an 
end effector connected to it. This end effector can be either a tool, 
such as a welder, or a gripper. Grippers can be created to mimic 
human hands utilizing linkage design. Robotic movements with 
linkage-based mechanisms can be created by creating rotational 
joints between the rigid bodies. The endpoint of a link touching the 
ground will create the desired motion. All movement linkages are 
different in the trajectory of the endpoint. Many mechanisms have 
been designed over the years such as the Jansen linkage, Ghassaei 
linkage, and many more. These mechanisms are best suited for 
simple yet energy-efficient walking mechanisms. The big advantage 
of linkages is the ease of control because they are controlled by a 
single actuator turning the “crank”. The crank is the only link 
connected to the motor via a gear wheel to ensure the smooth 
circular motion of the mechanism. The linkage-based movement has 
only 1 degree of freedom (DOF) due to its use of only one actuator. 
On the other hand, the more complex mechanisms such as robotic 
arms have more DOF because of more complex control systems 
utilizing large numbers of actuators. In most cases, the actuators are 
electric, servo motors, and stepper motors to be precise. In the case 
of this paper, the mechanism that will be analyzed is the Klann 
walking mechanism also known as Klann linkage. This walking 
mechanism was designed by Joe Klann in 1994. Due to its design, 
its trajectory offers both the high step and long horizontal 
movement. The design can be further modified by adjusting the 
length of links. Sheba et al. proposed 5 different configurations that 
drastically change the gait of the linkage. Proposed configurations 
are for step climbing, to avoid jamming while walking, and for 
digitigrade, hammering, and digging motion. Horizontal and vertical 
movement is adjusted this way thus making the movement more 
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versatile. The Klann mechanism is best used as a movement 
mechanism for a robotic spider or crab movement and can be used 
for an amphibious robot movement too. Based on the curvature of 
the step Klann mechanism is best used for overcoming obstacles and 
for movement in gravel, sand, and soil ground [1-7, 11-12]. 

 
Fig. 1 Linkage-based mechanism for robotic movement [6] 
 

 
Fig. 2 Linkage-based mechanism of cylindrical manipulator [7] 
 
 

2. KINEMATIC ANALYSIS METHODS 
 
Two methods are used to solve kinematic analyses: kinematic vector 
analysis and computer-aided kinematic analysis. Kinematic vector 
analysis is a graphical method of calculating the motion parameters 
of every point of the mechanism. The mechanism is divided into 
smaller sub-mechanisms and calculated gradually. Based on the 
length of the crank the angular velocity of the endpoint of the crank 
is calculated. This velocity is used for further calculations of all 
points of the mechanism. It is important to remember that the points 
represent links, and some links do not move relative to each other 
because they have a fixed angle between them. More attention was 
given to graphical methods in the authors' previous work [8-9]. 
 
Nowadays computer simulations are most used in industry due to 
their robustness, ease of use, and many simulation options. 
Mechanisms are modeled and forces, constraints, and other 
functions are applied. There are 2 types of computer modeling: 
mathematical and multibody modeling. Mathematical modeling is a 
form of modeling the mechanism by defining the properties of 
elements with mathematical equations. Motion and kinematical 
dependencies are also derived from equations. This approach is very 
time-consuming and requires a complex understanding of the 
physics and mathematics behind the mechanism created. Because of 

these reasons, mathematical modeling is most suited for solving 
simple models with low DOF. Software used for this type of 
simulation is Mathematica, Matlab, or Maple. Multibody modeling 
is much simpler because the mechanism is modeled by defining the 
geometry of bodies with various shapes. This kind of modeling is 
simple and intuitive. Joint connections and their movement are also 
determined by the functions applied to the joints. Forces are also 
applied to either the joints or the links themselves. Software suited 
for this method is Matlab, Simulink, and MSC Adams [8]. 
 
In this paper, the multibody analysis will be performed, and the 
motion parameters of significant points will be analyzed. The 
biggest advantage of computer-aided analysis is that users can 
efficiently create and modify the mechanism. Initial conditions, 
forces, constraints, and other functions can easily be added and 
modified for optimization purposes. Robust simulations and analysis 
are performed. The results of the analysis are in the form of graphs, 
tables, and motion trajectories. Based on these outputs the 
mechanism and parameters of the simulation can be modified for 
further testing. In this paper, the software MSC Adams was chosen 
as best for this analysis [9]. 
 
 

3. KLANN MECHANISM ANALYSIS 
 
As previously mentioned, the dimensions of the linkage can be 
modified to better suit the specific application. For this case, the 
standard dimensions given by the author Joe Klann were used [10]. 

Link Length [mm] Joint Angle [°] 
1 110 α 13 
2 288 β 26 
3 130 γ 45 
4 182 δ 170 
5 265 ε 160 
6 222 
7 490 

1* 206.57 
2* 130 
3* 61.45 
4* 266.16 

Table 1. Dimensions of the Klann mechanism 
 
The Klann mechanism was modeled using simple bodies called 
links with a fixed width and depth of 20 mm. The triangular body 
was created as the Plate. The plate was placed first and all the other 
links were added sequentially to ensure proper mechanism 
dimensions. After modeling the mechanism, the constraints were 
added namely revolute and fixed joints. Revolute joints were added 
between each link and fixed joints were added as shown in Fig. 3. 
Joint D was set as fixed between the triangular plate and the 
environment. The rotational joint motion was placed on joint A. 
Since joint A is a rotational joint between the triangular plate and 
link 1, point B of link 1 is free to move. Adding this motion made 
link 1 a crank which will move the entire mechanism. 
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Fig. 3 Diagram of Klann mechanism 
 

 
Fig. 4 Modeling of the Klann linkage 
 
Using the Animation control module the motion trajectories of all 
significant points were drawn and subsequently, the trajectories of 
the centers of gravity of all links were drawn. The two most 
significant points to analyze and compare with each other are point 
B representing the crank and point H representing the foot of the 
mechanism. The Postprocessor module was used to generate graphs 
of the positions, angular velocity, and angular acceleration of the 
most significant points. Lastly, the position of end point H compared 
to the angle of the crank B was added to display the change of 
endpoint location in different angles of the crank. 

 

 
Fig. 5 Finalized Klann mechanism in MSC Adams 
 

 
Fig. 6 Trajectory of point B at time t 
 

 
Fig. 7 Angular velocity of point B at time t 
 

 
Fig. 8 Angular acceleration of point B at time t 
 

 
Fig. 9 Trajectory of point H at time t 
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Fig. 10 Angular velocity of point H at time t 
 

 
Fig. 11 Angular acceleration of point H at time t 
 

 
Fig. 12 Position of point H based on the angle of the crank 
 

 
Fig. 13 Motion trajectory of significant points of Klann mechanism 

 
Fig. 14 Motion trajectory of centers of gravity of links of Klann 
mechanism 
 

4. CONCLUSION 
 
Kinematic analysis is a powerful tool for evaluating robotic 
mechanisms. The Klann linkage mechanism was investigated, and 
its use as a spider movement was discussed. Modularity of the 
mechanism was also discussed. Computer-aided simulation software 
MSC Adams was utilized to perform the kinematic analysis of the 
linkage. The simulation generated graphs of position, angular 
velocity, and angular acceleration of significant points. Output 
graphs provide valuable insights into the mechanism's motion. 
Motion trajectories were also drawn displaying the movement of all 
significant points and centers of gravity of all links. 
 
Sources 
 
1. CRAIG, J.J. 2005. Introduction to robotics: mechanics and 

control. Upper Saddle River: Pearson Prentice Hall. 
2.  SICILIANO, B., KHATIB, O. 2008. Handbook of Robotics. 

Heidelberg, Berlin Springer-Verlag. 
3.  Vanitha, U., et al. "Research Article Mechanical Spider Using 

Klann Mechanism." Sch. J. Eng. Tech. 3.9 (2015): 737-740. 
4.  Gutarra, A., Palomino, S., Alegria, E.J. (2021). Hexapod 

Walking Mechanism Based on the Klann Linkage for a 2DoF 
Amphibious Robot. In: Pucheta, M., Cardona, A., Preidikman, 
S., Hecker, R. (eds) Multibody Mechatronic Systems. MuSMe 
2021. Mechanisms and Machine Science, vol 94. Springer, 
Cham. https://doi.org/10.1007/978-3-030-60372-4_34 

5.  Ruan, Q., Wu, J. & Yao, Ya. Design and Analysis of a Multi-
Legged Robot with Pitch Adjustive Units. Chin. J. Mech. Eng. 
34, 64 (2021). https://doi.org/10.1186/s10033-021-00578-z 

6.  Desai, Shivamanappa G., Anandkumar R. Annigeri, and A. 
TimmanaGouda. "Analysis of a new single degree-of-freedom 
eight link leg mechanism for walking machine." Mechanism and 
machine theory 140 (2019): 747-764. 

7.   Jazar, R.N. (2022). Introduction. In: Theory of Applied 
Robotics. Springer, Cham. https://doi.org/10.1007/978-3-030-
93220-6_1 

8.  Brada, L., et al. "Movement analysis of Jansen’s linkage-based 
utilizing the MSC Adams software" Grant Journal vol. 13, issue 
01, ISSN 1805-062X, 1805-0638 (online) 

92

Vol. 13, issue 02



GRANT journal 
ISSN 1805-062X, 1805-0638 (online) 

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE  

 

 

9.   Brada, L., et al. "Conducting an examination of the trajectory 
and workspace of the manipulator within the matlab 
environment." Ad Alta: Journal of Interdisciplinary Research 
13.2 (2023). 

10. Manikanta, Komma Siva, and Mr John Silvister Raju. "Klann 
Mechanism." IOP Conference Series: Materials Science and 
Engineering. Vol. 981. No. 4. IOP Publishing, 2020. 

11. Sheba, Jaichandar Kulandaidaasan, et al. "Synthesizing 
reconfigurable foot traces using a Klann mechanism." Robotica 
35.1 (2017): 189-205. 

12. Kavlak, Koray, and Ibrahim Ali Kartal. "Kinematic analysis of 
mobile robot with Klann walking mechanism." 2021 3rd 
International Congress on human-computer interaction, 
optimization and robotic applications (HORA). IEEE, 2021.

        
 

 

93

Vol. 13, issue 02




