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Abstract. The cyclic mechanism is one of the basic automatic machines components. It is the 
cyclic mechanisms that define the performance and reliability limits of these machines. The 
methods for assessing the automatic machines reliability are based on data of dynamic forces 
acting on the mechanism's links, leading to their deformation and possible destruction under 
certain operating conditions. Simulation modeling of dynamic processes in cyclic mechanisms is 
based on its representation in the form of interconnected typical objects, the allowable properties 
and limits of which are known. The article presents the dynamics study results one of the basic 
high-speed automatic machines mechanism in the object-oriented representation. Mechanism 
performs translational motion and allows the possibility of one-way kinematic connection 
breaking. 
Introduction 
Any mechanism can be considered as a collection of some elements, interconnected by various 
kinds of connections. Through these links, the elements of the mechanism interact with each other, 
thus ensuring its functioning [1, 2]. The term element will denote a single mechanism detail, its 
fragment, or, conversely, several details at once. This definition of an element corresponds to the 
concept of an object, one of the basic in the component modeling theory of complex dynamic 
systems and object-oriented technologies [3, 4]. 

For a visual representation of mechanisms, schemes (principle, kinematic, hydraulic, pneumatic 
and others), flat and three-dimensional drawings, as well as dynamic models are used. Let us 
juxtapose each element of one mechanism with an object, according to the term given above. 
Obviously, this object can contain as one single detail or even a fragment of it, or several details. 
Any processes in such an object can be modeled in any way and, in accordance with the principles 
of encapsulation and polymorphism, at this stage, their nature and description, mathematical, 
software or physical, is not considered. 

This approach is of interest both when solving problems associated with the development of 
dynamic and mathematical mechanisms models, and, which is especially important, their software 
implementation for further computer processing [5, 6]. 
Mathematical model of the pusher object 
A pusher is a translationally moving link, for example, the cam mechanism pusher of an ejector 
from the dies (Fig. 1) of a cold stamping machine (CSM) for nuts manufacture [7, 8]. The pusher 
object provides the possibility of one-way kinematic connection breaking with the object 
preceding it (Fig. 1, positions 1 and 2). 
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Fig. 1. Kinematic diagram of the CSM ejection mechanism: 

0 – block of cams, 1, 2 – forward and reverse levers, 4 – axle, 5, 6 – parts of a composite ejector 
rod, 7 – springs, 8 – adjusting screw. 

 
A conventional image, the object itself and its model are shown in Fig. 2 and 3. 

 
                                               a                                                 b 

Fig. 2. Pusher object: a – object model (i-th object), b – kinematic diagram. 
 

 
Fig. 3. The dynamic model of the pusher object. 

 
Masses motion equations of the object dynamic model [3]: 
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In Eq. 1, as in Fig. 3, the parameter xk is not necessarily linear. For example, if the object 
corresponds to a cam disc mechanism with a linear follower, xk is the cam angle. Rigidity c1 is a 
piecewise linear function, the value depends on the size of the gap η1. 
Stability of the pusher object model 
The main parameters that determine the object behavior under the dynamic force influence are its 
mass and stiffness. The currently used 3D modeling methods in the design of mechanical 
engineering products [9, 10, 11] allow to be calculated these parameters with a high degree of 
accuracy. The object under study is adequate to the real link of the mechanism if, within the 
specified limits of its parameters variation, the values of the criteria for its stability are close when 
using models of varying complexity in calculations [12, 13]. 

In Fig. 4 shows the details of the CSM ejection mechanism (see Fig. 1, positions 5, 6) and the 
tested object, 20 mm in diameter and 200 mm length. The object mass is m ≈ 0.49 kg, the rigidity 
is c ≈ 3.3∙108 N/m (density of the steel: ρ ≈ 7800 kg/m3, Young's modulus E ≈ 2.1∙1011 N/m2). 

 
Fig. 4. Test object and details of the CSM ejection mechanism. 

The maximum speed of the model output link and the accuracy of its positioning δmax are taken 
as criteria for the object stability. The parameters of the model varied within the following limits: 
weight – 0.05...1.5, rigidity – 108...4∙109. 

We will assume that the movement of the link is carried out according to a harmonic law with 
amplitude equal to 0.01 m, which, in particular, corresponds to the stroke of the CSM ejector. The 
pusher movement speed (ω) is assumed equal to 10 strokes per second (600 strokes per minute), 
closing load 1000 N, dissipation coefficient ѱ = 0.4. 
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The calculation data carried out on models of varying complexity (single-mass, dual-mass, and 

ten-mass) in the Maple software [14, 15] turned out to be practically the same (coincidence in the 
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sixth decimal place). Fig. 5-6 show the calculated dependences of the objects kinematic parameters 
and positioning accuracy. 

 
Fig. 5. Kinematic characteristics of the object: 1 – displacement (10-4 m), 

2 – speed (10-2 m/sec), 3 – acceleration (1 m/sec2), 4 – positioning accuracy (1 m). 

 
Fig. 6. To calculate the stability of an object: ω = 10, ѱ = 0.4, P = 1000 N. 

 
It should be noted that the influence of the dissipation coefficient on the behavior of this object 

is insignificant. At the same time, the elastic-inertial parameters of the object noticeably affect the 
dynamic processes occurring in the object in a mode when a break in the kinematic chain of the 
object with the previous link is possible. This situation is shown in Fig. 7. The closing force in this 
case is 20 N. At the same time, there is a significant difference in the calculation results obtained 
for the single-mass and dual-mass models. The calculation results obtained on the basis of the two-
mass and ten-mass models are close (the difference is about 10%). 
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Fig. 7. To the calculation of the object stability. Ten-mass model: ω = 10, ѱ = 0.4, P = 20 N. 
 

Conclusion 
A technique is proposed for assessing the limits of objects applicability, from which a simulation 
model of a mechanical system (mechanism) is formed. 

The software implementation of this technique can be used as an integral part of software 
systems for the dynamic analysis of mechanical systems, which are based on the component 
modeling methods of object-oriented technologies. 
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