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ABSTRACT:Kinematic analysis of mechanisms is one of the types of research of mechanisms performed without 

taking into account the force factors acting on their links as a function of time. The purpose of the kinematic analysis is 

to determine the magnitudes, directions of action and patterns of change in the kinematic parameters of the mechanism 

under study as a function of time. In kinematic analysis, analytical, graphical and graphic-analytical methods are used. 

Both methods give approximately the same accuracy result. However, the diagram method is mainly used to determine 

the law of motion and the kinematic parameters of characteristic points of the output links of the mechanism. The 

method of computer plans allows finding the kinematic parameters of any points belonging to the links of the 

mechanism. 
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I.INTRODUCTION 

 

Attempting to use electronic computers to automate the kinematic analysis of mechanisms began in the 70s of the 20th 

century. Despite this, a complete solution to this problem still has not been presented, even for lever-hinged 

mechanisms. The reason for this is that the kinematic analysis based on the process-oriented approach under the control 

of a computer program is analyzed as a mathematical definition, in which all relevant movements in the design of a 

crank mechanism are expressed in the form of equations, inequality, logical conditions and mechanisms. Unfortunately, 

this model has not been created yet. Depending on the complexity of the mechanisms used, human capabilities are 

limited in solving such problems. Therefore, the search for new effective methods with the help of computer 

technology is an urgent problem of the mathematical software of automation systems. 

 

II. LITERATURE SURVEY 

 

The developed mechanism is a four-link lever-slider flat mechanism, the scheme of which is shown in Figure 1 [3]. 

 

The lever is rigidly connected to the slide mechanism. In the proposed mechanism, an elastic element is used - in the 

kinematic pair between the connecting rod and the slider - in the form of a rubber bush [6, 8, 9,]. 

 

When determining the kinematic characteristics of the material transfer mechanism, we take into account changes (only 

maximum and minimum values) of the connecting rod and crank lengths. 

 

We will study the kinematics of the mechanism according to the existing analytical method of vector contours [1, 2, 3, 

4]. 

III. METHODOLOGY 

 

Graph-analytical methods for studying mechanisms in the theory of mechanisms and machines have been known and 

widely used since ancient times. They make it possible to determine the positions of the links, the trajectories of 

movement of individual points, the speed and acceleration of points and links of the mechanism, the reaction in 

kinematic pairs and estimate the accuracy of the mechanisms. These methods are based on geometric constructions, 

replacing analytical calculations and numerical operations. Graph-analytical methods are notable for their visibility, 

ease of control, and speed in solving a number of practical problems [1]. 
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The main disadvantages of graph-analytical methods are: less accurate than analytical methods and often more 

cumbersome constructions, especially when trying to improve the accuracy of calculations. Recently, the most 

developed analytical methods for the study of mechanisms. It is also connected with the rapid development of 

computing technology. 

 

However, in our opinion, one should not neglect the graph-analytical methods, which, with the advent of new computer 

graphics programs, while maintaining their advantages, have completely lost their shortcomings. The accuracy of 

graphical constructions has become comparable with analytical, and the need for cumbersome similar constructions is 

eliminated when using parametric graphical models. 

 

IV. RESULTS 

 

Let us demonstrate the possibilities that a computer can provide using graph-analytical methods for calculating 

mechanisms. For example, consider the crank-slider mechanism. As a tool, we will use the drawing and graphic editor 

Compass-Graph developed by Ascon [2]. 

 

A few preliminary notes 

 

1. In the “Compass-Graph” environment, it is possible to parameterize the elements of a graphical construction, i.e. job 

specific links between them. We will create parametric models with specified parameter relationships both within the 

model and between different graphical models. The connection of parameters can be simple geometric, and can be 

calculated by any given mathematical dependence. Parameters can be both constant and variable values. 

 

2. Graphic constructions of models are always carried out on a 1: 1 scale, and in the drawing they are depicted in a 

scale convenient for viewing by creating additional types. 

 

3. Since when creating parametric models, some of the information about the parameters is depicted in the drawing and 

in the future because of its large number it can simply interfere, most of the parameterization operations are 

conveniently performed in a separately created drawing layer, which is subsequently made invisible (extinguished). 

 

 
 

Pic. No.1      Pic. No 2 
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4. Before the start of construction, the graphics editor must be configured to work with parametric dependencies. 

 

The construction will begin with the creation of a parametric model of the mechanism. In fig. 1 shows a drawing that 

was previously divided into seven fields. In the drawing field (1) we create a new view using the “Create View” 

command, and in the selected scale we depict the kinematic scheme of the mechanism in an arbitrary position. 

 

Create a drawing layer for parameterizing objects. To do this, you can use the “Layer” button located in the current 

status bar. We create dimensions in the created layer (crank length, connecting rod and eccentricity). Then we activate 

the “Parameterization panel” with the “P” button on the “Toolbar”. With the button "Fixsize" we will fix the values of 

affixed dimensions of the mechanism; if there is a need, we will correct them (the button “Set size value”) and the 

button “Fix point” we will make a fixed axis of rotation of the crank. Turning to the main layer of the drawing, put 

down the size Xb, the angle of rotation of the crank q and the connecting rod γ. 

http://www.ijarset.com/
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Enter the variables: the coordinate of the point B along the axis OX - Xb and the angle of rotation of the crank - q. To do 

this, double-click with the left mouse button on the value of the corresponding size and in the dialog box that appears 

enter the designation of the variable. 

 

Let's make additional constructions. Draw the trajectory of the point A of the crank and divide it into twelve equal parts. 

On the connecting rod, we fix the point S (the center of mass of the connecting rod) at a distance from the point A equal 

to, for example, half the length of the connecting rod [4]. 

 

Thus, the parametric model of the crank-slider mechanism is created. When you try to turn the crank around a fixed 

axis with the cursor, the whole mechanism will start moving without breaking the links imposed on its links. When the 

crank is stopped at an arbitrary position, the current scheme will display the current values of the parameters q, γ, Xb 

with the accuracy and units of measure specified in the settings of the graphic editor. 

 

V.DISCUSSION 

 

Through this model, both direct and inverse problems of geometric analysis can be solved, since the restructuring of the 

mechanism occurs when setting any of the above parameters, the other two are automatically calculated and their 

values are displayed on the diagram. 

 

The plan of the positions of the mechanism is built in the field of the drawing (2) at the chosen scale by simply copying 

the links of the mechanism of the parametric model, sequentially installed in different positions along the marking of 

the trajectory of movement of the point A of the crank. Copying can be carried out as follows. Switch the “Toolbar” to 

the mode of editing objects with the “Editing Panel” button. Left-click on the crank to select it and on the connecting 

rod, together with Shift to add to the selected object. By pressing the “Copy” button on the toolbar, we will perform the 

above operation. If you use the “Bezier curve” button on the “Geometry toolbar” and successively connect a set of 

points S on the position plan, you can get the trajectory of the center of mass of the connecting rod [4]. 

 

In the drawing field (3) we plot the function of the position of the output link. To do this, in the selected scale, we 

construct a system of coordinate axes (q, Xb). Let us draw an auxiliary segment of arbitrary length parallel to the 

vertical axis, the lowest point of which will be fixed at the level of the origin. Let us write down the size of this 

segment, designate it with the new variable Xb1 and associate it with the variable Xb. To do this, on the 

“Parameterization” toolbar, you must click the Equations button and in the dialog box that appears, enter the following 

line: Xb = Xb1. As a result, when the parametric model of the mechanism moves, the height of the auxiliary segment 

will change synchronously. Noting consistently the points of the vertex of this segment in the above-mentioned 

coordinate system (this can be done using the "Enter Point" and "Enter Auxiliary Horizontal Line" buttons on the 

"Geometry Toolbar" [7]), and then connecting them to a Bezier curve, we obtain a graph of the position function of the 

output link of the mechanism. 

 

The velocity plan is built on the drawing field (4) at the selected scale. The constructions begin with the velocity vector 

of the point A of the crank, which, as is known, is equal in magnitude to the product of the crank length (L1) and the 

angular velocity of its rotation (ω) and is directed in the direction of rotation of the crank perpendicular to the straight 

line O1A. 

 

Draw a segment of arbitrary length in an arbitrary direction. In the drawing layer for parameterization, set the length of 

this segment equal to the product L1 ω, make any of the extreme points of the segment fixed (velocity plan pole Pv), 

and set the direction — perpendicular to the crank of the parametric model of the mechanism, using the Perpendicular 

button of the Parameterization toolbar . The angular speed of rotation of the crank can be set equal to one, in this case, 

the plan of speeds will be identical to the plan of analogue speeds 

. 

Next, we graphically solve the well-known vector equation: 

Vb = Va + Vba. 

In the main drawing layer, in terms of velocities, from the extreme points of the vector Va, we draw two arbitrary 

intersecting segments. Then we establish the connection of these segments with the parametric model of the mechanism. 
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The segment leaving the pole Pv(the velocity vector of point B - Vb) must be parallel to the line of motion of the slider, 

i.e. horizontal, and the second segment (relative velocity vector Vba) is perpendicular to the connecting rod AB (the 

buttons “Horizontal” and “Perpendicular” of the “Parameterization” toolbar). Then we dimension the resulting Pva and 

Pvb segments and enter the variable Vba[7]. 

 

Now, when the parametric model moves, the plan of the speeds of the mechanism will automatically change. When the 

crank is stopped at an arbitrary position, the current values of the speeds Vba and Vb are displayed on the speed plan [5]. 

Moreover, the solution of the inverse problem of kinematic analysis is possible here. If the velocity value Vbis set on 

the velocity plane, then all related parametric models will be rearranged, i.e. the mechanism itself will take a position in 

which the speed of its output link corresponds to the given one. 

 

The acceleration plan for a given mechanism is a graphical solution of the following vector equation: 

Wb = Wa+ Wba
n
 + Wba

t
. 

The acceleration plan is built on the drawing field (5) at the selected scale. Acceleration Wa is postponed from a fixed 

point - the poles (Pw) in the form of a segment of length L1 ∙ ω
2
, which is parallel to the crank and directed from point A 

to point O1 of the mechanism. Then it is necessary to build the acceleration Wban in the form of a segment of length 

equal to Vba
2
 / L2 (L2 is the length of the connecting rod), which is parallel to the connecting rod and directed from 

point B to point A of the mechanism. To do this, we postpone a segment of arbitrary length from the end of the vector 

Wa, set the size, designate it with a new variable W, enter the equation W = Vba
2
 / L2 and use the “Set parallelism” 

button to determine its position. From the end of the obtained vector, we draw a segment perpendicular to the 

connecting rod, before intersection with the segment drawn from the pole parallel to the line of motion of the slide. As 

a result of this construction, we obtain a parametric model of the acceleration plan, with which we can also solve the 

inverse problem. 

 

VI. CONCLUSION 

 

The task of the static calculation of mechanisms includes the definition of reactions in kinematic pairs and generalized 

driving forces. Static analysis of mechanisms is usually carried out on the basis of a static model that takes into account 

only the generalized driving forces Q, the forces of workloads P, and the reaction of connections R [1]. 

 

We attach the working load P = 100 N to the slider, and the generalized driving moment Q, balancing this load, to the 

crank. The mechanism is in balance, therefore, and each link is in balance. Consider a slider equilibrium. It is acted 

upon by three forces converging in the hinge B: the workload and two coupling reactions. To find the magnitude of the 

reactions using the equilibrium equation of the slide: 

 

P + R03 + R23 = 0. 

 

Plan the forces acting on the slider, build on the field of drawing (6). The scale value of the workload P is set aside 

from a fixed point - the pole (Pp). From the ends of this segment we draw two intersecting straight lines. One is 

perpendicular to the line of motion of the slider, the second is parallel to the connecting rod. We get a triangle of forces. 

We dimension the resulting segments, the lengths of which will be equal to the scale values of the reactions R03 and R23. 
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