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1. Features of automation of discrete production processes.

The main goal of discrete manufacturing automation is to produce

more, better quality and less human resources, ie. to increase

production efficiency.

There are two types of basic processes in industry:

- Continuous production processes - chemistry, metallurgy, etc.

- Discrete production processes - these are interruptible processes.

These processes are over 80% in Bulgaria and worldwide. Discrete

are all processes in: mechanical engineering, electronics and

electrotechnical industry, pharmaceuticals, food industry, wood

processing industry, production of ceramic products, etc. [1, 8]

There are two main approaches to automating discrete production

processes:

- Automation of existing machines and equipment based on existing

technologies;

- Design of new automated facilities based on the introduction of

new technologies.

In the automation of existing machines and equipment, the flow of

details is automated, with the universal machines and semi-

automatic machines being transformed into automatic

machines. In these cases, productivity growth is generally in the

range of 1.1 to 2.

When designing new machines and equipment, productivity gains

are generally in the range of 2 to 5, but may have significantly

higher values, e.g. up to 50. This is possible with the introduction of

new innovative automated technologies.

The effect of the automation of discrete production is economic and

social.

The economic effect results from the reduction of human resources

in the production of certain products, the increase in productivity

and the improvement of the quality of the products.

articles. The economic effect can also be determined by the

decrease in the cost of production.

The social effect is the reduction of heavy, monotonous and

physical labor, often associated with unhealthy working conditions -

polluted environment, high noise, shock loads, high temperature,

radioactive environment, etc.

2. Features in the application of industrial robots.

Industrial robots (IPs) are the most commonly used automation

tools. They can be used for performing auxiliary operations as well

as for performing technological operations (welding, painting,

installation, palletizing, etc.).

Industrial robots are becoming more and more widely used not only

in industry, but also in various fields of services, military,

healthcare, elderly care and more.

For the last 10 years, the degree of automation has been steadily

increasing. This is also evident from the worldwide sales of

industrial robots, which have doubled in size - from about 115,000

units on average over the 2005-2008 period, to 229,261 robots sold

in 2014. The main market for robots for 2014 is Asia with 139,300

units (up 41% from 2013), leading Europe - 45,600 units (5%

increase over 2013) and America with sales of approximately

32,600 units ( 8% more sales since 2013). A total of 5 countries

hold 70% of worldwide sales: China, Japan, the United States,

South Korea and Germany. In Europe, after Germany, the sales

ranking for 2014 is as follows: Italy - 6200 pcs. (32% growth),

France - 3000 pcs. (36% growth), Spain - 2300 pcs. (decrease of

16% - due to previous investments in the automotive industry), UK

- 2100 pcs. and the Czech Republic, Poland and Turkey

respectively.

For the year 2019, the total number of used robots in the world is

around 1,800,000 pieces [].

3. Optimizing the application of industrial robots.

The use of an IP to serve more than one technology unit (TE) in the

industry is appropriate in a number of cases. In this way, the

redemption period is reduced and the annual economic effect of

implementing a decision is increased. When designing robotic

technology modules (PTMs) and robotic systems (PCs), there is a

need to determine the optimal number of machines served by one

IP. Most often, the criterion of optimality is the minimum TE

downtime with the maximum IP load.

Problem statement: given a maximum number of TE - Ns served by

one PR, machine times Ti and machine service times from the PR-

Tobi (i = 1 ÷ N), such a solution is sought, which ensures a

minimum stay of the working machines at maximum IP load [109],

ie. the optimal number of machines serviced by one robot is found.

In FIG. 1 is a schematic diagram of a robotic system. The following

restrictions are adopted: consistent servicing of TEs by the robot;

one cycle includes one TE service.

FIG. 1. Schematic diagram of a robotic system 

PR - industrial robot; 

TE1 ÷ ТЕn - technological units; 

Z.M-C - supply store-collector;

O.M-C - collecting shop-collector;

In FIG. In order to illustrate the operation of the RTM, cyclograms 

are given for typical cases when servicing the technological units: 

- TEs do not have downtime, PR has downtime when servicing a

TE (Figure 2 a)

- PR has no downtime and TE has downtime (Figure 2 b);

- PR and TE have no downtime (Figure 2 c);

- PR and TE have downtime (refers to complete cycle);

For Figure 2. (a) the following machine and service times are

characterized by the number of machines being three:

T1> Tob2 + Tob3;

T2> Tob1 + Tob3; (1)

T3> Tob1 + Tob2;

where: T1, T2, T3 are the machine times of the first, second and

third TEs respectively; Tob1, Tob2, Tob3 - service times of the PR

for the first, second and third TE;

Dependencies (1) can be summarized for any number of machines:

Тi > 


n

j

обjТ
1

- Тобi  ,   (2)

where: i is the number of the TE served; Ti - the machine time of 

the i-th TE; Tobi - the time for servicing the i-th TE of the industrial 

robot. 
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The time for the robot to stay when servicing the i-th TE is 

determined by the following dependence: 

Тпрi = Тi + Тоbi - 


n

j

Тobj
1

 ,  (3)  

Тпр = 


n

i

прiТ
1

 ,  (4) 

The generalized dependencies for the other typical service cases are 

similarly determined. For figure 2 (b) the dependencies are defined: 

 

Тi < 


n

j

оbjТ
1

 - Тоbi  ,         (5) 

Тпмi = 


n

j

оbjТ
1

- Тоbi – Тi  ,  (6) 

Тпм = 


n

i

пмiТ
1

,     (7) 

 

For the third case (Figure 2 c), the dependencies apply: 

Тi = 


n

j

Тobj
1

 - Тоbi  ;     (8) 

Тпр = 0 ; Тпм = 0                (9) 

The fourth case is characterized by dependence: 

Тп = Тпр + Тпм = 



n

i

пмi

n

i

прi ТТ
11

  

where: Tn is the total residence time of the PR and TE; TPM - total 

time spent by technological units; Tpr - total time for the stay of the 

PR; 

 

 

 

 
Figure 2. Cycle diagram of RTM operation 

of three TEs and one IP 

a) the IP has downtime; b) they have downtime; 

c) PR and TEs do not have downtime; 

 

The set of analytic dependencies presented above forms the 

mathematical model to support the study of RTM. As a criterion for 

optimality, the following objective function is ensured, ensuring a 

minimum residence time for PR and TE: 

Тп =  



n

i

пмiпрi ТТ
1

min                  

The mathematical model extracts the form: 

Тi > 


n

j

обjТ
1

 - Тобi 

Тпр =  
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Тi = 


n

j

обjТ
1

 - Тобi  

Тпр = 0  

Тпм = 0 

Тп =  



n

i

пмiпрi ТТ
1

min  

 

 

Based on the compiled mathematical model (12), an algorithm has 

been developed whose block diagram is shown in Fig. 3. N, Ti, 

Tobi (i = 1 ÷ n) are set as input variables. different options for 

multi-machine servicing under IP are considered. The variants 

depend on the number of TE - n, where n = 2 ÷ N. The state of PR 

and TE is examined for each of the variants indicated. Depending 

on the condition, the downtime of the robot in servicing the i - th 

machine Tpri and the technological units Ti, i = 1 ÷ n, is 

determined. For each variant, the total downtime of the robot Tp 

and TE - Tpm according to (4.9) and (4.12) are calculated. 

The total downtimes Tp, Tp = Tpr + Tpm for each of the variants 

are calculated using the simple optimization method. For each of 

the variants both results for the downtime of the IP and the 

machines, as well as the number of technological units n and the 

total downtime Tp are displayed. Upon completion of the study, the 

optimal variant and the combination are minimized. Intermediate 

results may also be displayed. 

An algorithm has been developed based on the mathematical model 

(12) compiled. N, Ti, Tobi (i = 1 ÷ n) are set as variable input data. 

different options for multi-machine servicing are considered in the 

IP. The variants depend on the number of TE - n, where n = 2 ÷ N. 

The state of PR and TE is examined for each of the variants 

indicated. Depending on the condition, the downtime of the robot in 

servicing the i - th machine Tpri and the technological units Ti, i = 1 

÷ n, is determined. For each variant, the total downtime of the robot 

Tp and TE - Tpm according to (4.9) and (4.12) are calculated. 

The total downtimes Tp, Tp = Tpr + Tpm for each of the variants 

are calculated using the simple optimization method. For each of 

the variants both results for the downtime of the IP and the 

machines, as well as the number of technological units n and the 

total downtime Tp are displayed. Upon completion of the study, the 

optimal variant and the combination of minimum downtime are 

displayed. Interim results may also be displayed. 
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Conclusions: 

• The basic principles of production automation are discussed. 

• Features of application of industrial robots are analyzed. 

• A method for testing robotic systems is proposed, optimizing the 

choice of solution. 
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