
                Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 2/2018 

65 

 

USE OF EXPERT SYSTEM FOR THE PROJECTION OF 

MECHANISMS AND SYSTEMS OF ELECTRIC OPERATION 

 

Anca-Olimpia Mosneaga (TALAAT-HAMID), PhD Student Eng., 

„Sfantul Sava” National College, Bucharest, Romania 

Iosif TEMPEA, Prof. PhD, POLITEHNICA University, Bucharest, 

Romania 

 

 
ABSTRACT: Expert systems, as part of artificial intelligence, are increasingly used to solve problems from 

different fields. This paper presents the structure of an expert system used for the projection of mechanisms, 

and systems of electric operation used in the configuration of robots. 
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1. Introduction 
 

The expert systems represent a 

distinct class of computer systems 

including the artificial intelligence and 

simulating the reasoning of human experts 

using the computer programs and 

databases.[5] 

As any other program, the expert 

systems have an algorithmic structure, 

open to improvement by developing the 

knowledge database and rules of 

interference.[3] The capacity of expert 

system to answer a requisite as soon as 

possible depends on the dimension of 

knowledge database and its structure. 

However, as wider as the knowledge 

database is, more accurate are the results. 

Moreover, the accuracy of the mechanism 

of interference, of combining the 

knowledge in order to find a solution, 

shall determine how the result of 

interference entails the settlement of 

initial problem. Thus, it is necessary a 

balance between the dimension of 

knowledge database + and the knowledge 

accumulated and the speed of determining 

the problem solution. 

 

 

2. Structure of expert system 
 

The operation of expert system entails 

the following stages: 

 Procurement of knowledge 

 Representation of knowledge 

 Knowledge processing 

 Display of results. 

In conformity to the stages 

enumerated, the expert system shall 

include the following modules:[2] 

 Module of procurement of knowledge 

 Knowledge database 

 Facts database 

 Interference mechanism 

 Module for explanation of results 

 User interface 

 

2.1. Module for knowledge 

procurement 

 

The central element of an expert 

system is represented by the range of 

specialised knowledge accumulated in the 

knowledge database. The knowledge 

engineers shall design the structure of 

knowledge database, shall create the 

module of knowledge procurement and 

shall update the knowledge database. 
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Fig.1. Elements of the module of knowledge procurement[4]

 

The human experts in projecting 

mechanisms shall supply the fact 

knowledge based on specialised literature, 

as well as the heuristic knowledge using 

good practice acquired based on the 

experience in the field. 

 

2.2. Knowledge database and facts’ 

database 

 

The range of knowledge on which 

relies the determination of any solution 

represents the knowledge database 

including the database of rules and the 

database of facts..[1] 

The facts’ database includes the 

initial data of problem as well as the 

intermediary data obtained during the 

enforcement of the rules of production by 

interference mechanism. A fact is 

represented by 3 characteristics:  

 object -  component of mechanism in a 

particular status which may be deduced; 

 status – status of object or the relation 

of object with other components of 

mechanism; 

 quantification – a value showing the 

dimension of the object status. 

The intermediary data represents the 

circumstances of rules. The use of such 

circumstances depends on the priority of 

enforcing the rules and the system of 

solving conflicts. Thus, the intermediary 

data is ordered in the facts’ database 

according to its priority. 

 

2.3. Interference mechanism 

 

The interference engine is a program 

applying the knowledge from the 

knowledge database to the facts in the 

database in order to generate by induction 

new facts or the problem solution, or to 

confirm or infirm a hypothesis by 

deduction. (Fig.2) 

 

3. Systems of electric operation 

used in managing the robots  
 

The operation system of a robot 

includes all energetic sources of robot as 

well as the elements of direct control of it. 

In this respect, by operation system 

one understands the range of engines and 

convertors by which one obtains the 

mechanical power necessary for the 

movement of robot as well as the 

additional devices which control this 

power transfer. 

Such system shall include : 

1)  a primary power source ; 

2)  a system of conversion of primary 

power to mechanical power ; 

3)  a system for transmission of 

mechanical power to proper joint ; 

4)  a control of the parameters 

characteristic to such systems. 

The usual operation systems use 

three primary power sources: electrical, 

pneumatic and hydraulic. A high number 

of systems of modern industrial robots are 

using the hydraulic operation due to the 

relation between the force exercised la on 

engine device and its weight. A wide area 

is also represented by the electrical 

operations, used mainly due to the 

facilities of control provided.  

The pneumatic operation is 

represented by a reduced share in this 

direction, being usually used in the 

systems of command of auxiliary devices. 
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Fig.2. Block scheme of interference mechanism[4] 

 

3.1. Systems of electric operation 

 

Although less used than hydraulic 

operation, electrical operation represents a 

significant area of  industrial robots due to 

the following main advantages: 

 a) primary electricity source is easy 

to find, 

b) the control systems are accurate, 

safe and rather easy to connect to a 

numerical source on high level; 

c) it may be provided an 

autonomous operation by supply with 

batteries; 

d) no specific pollution problems are 

entailed. 

 

 

3.1.1. Direct current engine 

 

The operation of direct current 

engines represents an important advantage 

that the moment created is practically 

independent of the engine position and 

speed, depending on the field of windings 

and current in reinforcements. If the field 

windings are replaced by a permanent 

magnet field, then the moment developed 

is proportional to the value of current 

from reinforcements and thus to the 

voltage applied. Certain technological 

procedures allowed the reduction of the 

weight of engines. They refer for instance 

to the removal of excitation windings by 

using magnet engines or the reduction of 

weight of rotor by disk engines. 
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Fig. 3. General structure of an operation system [1] 

 

Although theoretical, any electrical 

engine is susceptible of use, for the 

operation of robots using only direct 

current engines and, gradually, the first 

due to advanced control systems, and the 

second due to the facilities offered in the 

control in open loop on positioning 

operations. 

The use of direct current engine in 

the operation of robots entails : 

a) a control system using 

tachogenerators and position transformers; 

 

 

 

Drive  

 

 

 

Reaction based on speed 

 

 

Reaction based on position 

 

Fig. 3. Block scheme of driving the direct current engine [1] 

 

b) a mechanic system to realise the 

conversion of rotation movement in 

translation movement; 

c) a mechanical system for engine 

 

 blocking . 

The equivalent simplified scheme of 

direct current engine with separate 

excitation is presented in figure 4. 

 
Fig. 4. Equivalent simplified scheme of direct current engine [1] 
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The transitory regime of engine operating under constant flow is[3]: 

 

                    (1) 

and the engine couple will be[4]: 

 

                    (2)

 

where J  is the inertia of rotation elements, 

kf  defines the viscous friction 

coefficient, Mf is the couple corresponding 

to dry friction where  Ms is the load 

couple. Based on null initial conditions, it 

results[3] : 

 

                    (3) 

                                        (4) 

 

Such equations define the equivalent block scheme of engine (figure 6). 

 
Fig. 6. Equivalent scheme of direct current engine [1] 

 

Considering the friction couple  Mf 

 which are very low and neglecting the 

charge couple Ms  it results the transfer 

function between speed and tension[3] :

 

                                                                (5) 

or 

                                                                                              (6) 

where  defines the electric time constant ,  and,  the electro-mechanical time constant: 

   

    ;      ;        (7) 

 

Such equations indicate the 

preferential adjustment of rotation by 

adjusting the supply voltage u . The 

voltage control of rotation is practically 

used in over 85% of robot operation 

systems (by operation through direct 

current engine ) and only a small part is 



                Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 2/2018 

70 

 

using the control by current, this last 

procedure being advantageous due to the 

simpler transfer function between couple 

and current. 

 

4. Knowledge representation 

 

 The knowledge to be represented in 

the knowledge database of expert systems 

consists in data and information that the 

knowledge engineer receives from human 

expert and by specialised literature.[2] 

The methods of representation of 

knowledge are stated in the field of 

knowledge, the programming language 

selected and the interference mechanism. 

The procedural methods of representation   

of knowledge are based on algorithms.[4] 

 

4.1. Rules of production 

 

 The method of representing 

knowledge based on production rules is 

similar to human reasoning, relying on 

cause-effect principle. The knowledge 

database of expert system shall rely on the 

fact and heuristic knowledge of human 

expert represented in the form of rules like 

IF condition THEN result [5] 

The result may be:  

 a range of parameters representing a 

new fact to be added in the facts’ database  

 display of a message requiring the 

entering of new parameters  

 adding a new rule in the range of rules 

The production rules must simulate 

human reasoning, performing the same 

interferences based on facts. 

For deductive expert systems, based 

on initial data (facts) one enforces in turn 

the basic rules of knowledge database in 

order to determine the results. An 

inductive expert system starts from a 

result (scope) and shall look for rules to be 

applied in order to prove the result 

proposed [1]. 

5. Conclusions 

 

The direct current engines and 

mainly the gradual engines are 

synchronous systems making direct 

correlation between the size ordered and 

the position obtained. Such engines 

provide for direct conversion of entry 

signal, in numerical form, in a movement 

of  angle position by incremental 

accumulations. This property determines a 

wide use of gradual engines in all 

positioning systems in open loop. The 

intrinsic conversion of drive action on 

position provides for simple, efficient 

control schemes both technically and 

economically.[4] 

 The expert system relies on fact and 

heuristic systems of human experts and 

consists in a computer program using a 

knowledge database to simulate human 

reasoning. The efficiency of projecting the 

knowledge database and computer 

algorithm created, and the manner of 

representing knowledge shall determine 

the dimension of interval for solving a 

problem by the expert system. 
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