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Abstract. Modern mechanical constructions consist of purchased elements and workshop-made 
elements. Undoubtedly, purchased components – made in specialized factories – have a definite 
advantage in quality and durability. Unfortunately, sometimes the operating parameters of a 
component for a given application are insufficient. Then it remains to design and manufacture a 
given element in the workshop – losing quality and costs. This paper presents a different approach. 
Application requirements can be customized just include an additional (simple) element, e.g. a 
force amplifier, and a purchased component can be used. 
Introduction 
In the construction of mechanisms, fasteners are used to hold stored energy and then release it to 
perform the necessary work. These types of fasteners should hold the given load when fastened, 
and then easily unfasten under load. Therefore, the design of such mechanisms should be specific. 
It is particularly important that at the time of opening the clasp there are no abrasions and 
mechanical jerks. 

The above-mentioned requirements are met by electric strikes available on the market, 
commonly used in door locks. Unfortunately, they are not designed to transfer too much force 
when closed. It is therefore necessary to limit the force to an acceptable value. This can be done 
with a static force amplifier which is based on the principle of equilibrium of mechanical 
moments. 

This paper presents an exemplary construction of a mechanical force amplifier mechanism 
with the use of an electromagnetic lock. 
Materials and Methods 
Autodesk Inventor Professional 2021 parametric software version 2021.3.3 was used for the design 
(Fig.1 and Fig.2.). The program contains the necessary mechanical standards and a number of 
useful calculation modules and wizards.  

 

Fig.1. View of the device containing the considered mechanism. 
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Fig.2. Cross-section of the working fastening mechanism. 

 
The process of creating the mechanism required the initial preparation of pre-designed 

components. All the parts were then interconnected by mutual ties/connections. This procedure 
allowed to verify the matching of components and interconnections. 
Results and Discussion 
The purpose of this work was to present a specific approach to purchasing components commonly 
used in the industry, taking into account the permissible nominal parameters. If the permissible 
values are exceeded in a specific application, it is possible to use an additional mechanism, e.g. a 
static mechanical force amplifier, which will adjust these values. 
 
Design of the hitch mechanism. The ASSA ABLOY shopping component Electric strike 143.U 
Cat. No. 143.Q34 was used to construct the fastening mechanism. The cam with eccentrically 
made teeth is an element that strengthens the force of the impact on the electric strike. One of the 
teeth is supported on the latch of the electric strike and the other of the teeth is used to fasten the 
lock (door) tongue carrying the payload. The diagram of the mechanism's operation is shown in 
Fig.3. 
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a) 

 

b) 

 

Fig.3. The essence of the operation of the hitch mechanism: a) locked, b) unlocked 

Such a mechanism should effectively enhance the ability of the catch to transfer static forces. 
This means that the load may exceed the ratings specified by the manufacturer of the electric strike. 
At the same time, the catch can be opened and the load placed on it can be released without using 
much force and almost instantaneously. The instantaneous operation of such a mechanism is 
sometimes a particularly important feature. 
 
Calculations for the hitch mechanism. Calculation of the fastening mechanism was done in a 
classic way. Fig.4 shows the load diagram of the fastener. 

 

Fig.4. Clasp load diagram 
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Calculation formula from the equation of moments: 
F2 = F1 ٠ R1  

R2 
 
where F1 acc. manufacturer's data is 8,000 N 
 

F2 = 8 000 N ٠ 19.7 mm =  22 514.3 N 7 mm 
 
so the mechanism can carry 22,514.3 N. Reinforcement of mechanism strength: 
 

w = F2   
F1 

totals: 
w = 22 514.3 =  2.8  8 000 

 
Thus, the design of the mechanism can be considered correct. 

Conclusions 
Contemporary designed mechanical structures should consist of as many purchased components 
as possible, rather than workshop-made components. These principal results from the fact that 
purchased components – made in specialized factories – have a definite advantage in quality and 
durability. In a situation where it is difficult to select a component with the right parameters, the 
problem can be solved by reversing the situation – lowering the requirements for the component 
by using, for example, a static force amplifier that will reduce these requirements. 

The presented approach, which compensates for parametric or functional deficiencies of a 
factory-prepared component by adding an additional mechanical or structural adapter, can be 
successfully applied in analogous situations in other industries to reduce costs for unit or small-
batch productions. Such adapters can be used in construction, particularly in the field of “smart” 
building information modeling (BIM), where effectors need to be widely utilized [11], sometimes 
based on composite materials [12]. Another example could be the deposition of additional special 
coatings [13, 14] to enhance wear resistance. However, in each of these cases, a thorough analysis 
of capabilities [15] is necessary beforehand to ensure that the desired modifications will be 
achieved. Stereology methods [16] and industrial statistics, both in classical [17-19] and 
nonparametric approaches [20-22], even supported by an expert system [23], can be helpful in this 
regard. 
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