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ABSTRACT: Production processes that are specific to erosion processes develop using a series of resources. These resources are 
different by their nature and volume, by the way and intensity of their occurrence in time and also by the role that they play in the 
realization of an efficient production process. 
In this paper these resources are identified and they are analyzed. The analysis focuses on the means to optimize the resources, so 
that the whole technological process is efficient from a technological and economical point of view. 
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1. GENERAL CONSIDERATIONS 
REGARDING THE OPTIMIZATION OF 
EROSION PROCESSING 
TECHNOLOGICAL PROCESSES 

The socio-economical development level sets 
increasing needs for the erosion processing, both 
regarding the technical and technological as well as 
the economical characteristics of the processing. To 
reach these objectives, it is necessary to 
continuously optimize the global processing process 
by optimizing the technical-economical of the 
intrinsic erosion processing processes [1], [2], [3], 
[4], [5], [6], [7]. 
There are a series of specifics to keep in mind for the 
optimization of erosion processing: 

• the materials being processed have exceptional 
physical, mechanical and chemical properties; 
the evolution of the materials and of the 
constructive shape of the pieces is very fast 
today and the erosion processing technologies 
need to keep up with it; 

• since it applies to special cases, the 
economical aspect needs special attention; 

• erosion processing are intensely expanding 
today worldwide and nationwide, creating 
difficulties in regard to the necessary 
equipment, technologies and specialists. 

All the previous elements bring out the necessity to 
continuously optimize erosion processing, using 
efficient optimization methods. 
The mutations generated by the general technical 
progress, the emergence of more and more complex 
working technologies, as well as the necessity to 
obtain reduced costs have determined the approach, 
adoption, usage and perfecting of operational 
research models, especially for the purpose of 

production activities optimization, as well as to 
obtain economically or technically efficient results. 
Due to the immense volume of data to be processed, 
as to the complex phenomena in the case of erosion 
processing, the usage of operational research 
methods has been spurred on by the explosive IT 
developments and the construction of information 
systems [8], [9]. 
One of the wide-spread optimization techniques is 
mathematical programming, used for big decision 
problems when running production processes in any 
field, such as: 

• production planning; 
• the optimum resource distribution; 
• the optimum machine and equipment 

distribution; 
• market research etc. 

Mathematical programming consists of the set of 
methods that help the optimization (maximization or 
minimization) of one or more variables, variables 
which satisfy a certain number of restrictions [8], 
[9]. 
An optimized technological process is a superior 
variant in regards to cost, quality and necessary 
manpower compared to the other possible variants to 
accomplish the same work. We can therefore say 
that a technological process is optimal when its 
quality, costs and necessary manpower are optimum. 
Since a technological process is ultimately a set of 
operations, this can be optimized by minimizing 
some of its composing operations, and especially by 
achieving an optimum process variant regarding the 
logical interdependence between operations, 
resulting in simultaneity or succession conditions in 
the development of the technological process. 
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2. EROSION TECHNOLOGICAL PROCESS 
REPREZENTATION THROUGH 
ACTIVIRY GRAPHS  

Erosion processing technological processes can be 
represented through activity graphs, a component of 
operational research, representation which allows a 
high fidelity highlighting of the working technology.  
Monetary funds, qualified manpower, materials, 
equipment, raw materials etc. are necessary for a 
technological process or any project, in fact. 
Every resource can be identified though a code name 
(which points it out in the set of resources) and can 

be measured in physical units (tons, pieces, KWh 
etc.). 
Regarding the activity which defines the resource, 
the resource intensity concept is used, concept 
which expresses the resource consumption or 
necessary in the time unit [8], [9]. The resource 
intensity can be constant, an r rate for the whole tij 
duration of the activity (fig. 1. a), or a variable level 
(fig. 1. b), with different rk intensities for the activity 
duration. 

   
 
 
 
 
 

   
 
 
  
   
  

a)                                                                                                          b) 
 Figure 1. The resource intensity 

 
The following three notions are defined for a 
technological process: 
 

• the necessary resources profile zi(t), t = 0, 1... 
–  the quantity of resource Ri which is 
necessary at the moment t to run the process, 
obtained by summing up the resource intensity 
Ri, corresponding to the planned activity (rel. 
1): 

                    
    (1)        (1.1) 

 
where:  ta – the starting moment of the activity a; 
             da – the duration of the activity a. 
 

• the available normal resources profile Di (t),  
t = 0, 1... – the quantity of each resource which 
can be consumed or actually used in the time 
unit; 
 

• the available exceptional resources profile – 
additional resources which are used in 
exceptional cases. 

To make an example, we consider a technological 
process specific for erosion processing, composed of 
10 activities A, B, C, D, E, F, G, H, I and J (table 1). 
The activity graph is presented in figure 2, where ti,j  
represents the duration of the activity and ri,j  the 
resource intensity.  
By analyzing a single type of resource – manpower, 
irrespective of specialty or qualification, we obtain 

the calendar graph with the necessary resources 
(table 2). 
With its help, we build the profile of the necessary 
resources with the result being shown in figure 3. 
The curb passing through points a, b, c, d, e, f, g, h, 
i, j, k, l, m, n, o, p, r represents the necessary 
resources profile, and the interrupted line through  u, 
v, x, z, w  represents available normal resources 
profile.  
It is evident that in the given conditions this 
technological process is not possible, since, for 
specific periods, the necessary is larger than the 
available. As a result, the technological process 
needs to be revised, either by adding supplementary 
resources, or by increasing its total duration [8], [9].  
The optimization of the resources usage involves 
solving the following problems:  

• leveling the resources; 
• planning the resources; 
• allocating the resources. 

The problem of leveling resources for the erosion 
processing appears when the total duration of the 
process is imposed, situation when it is acceptable to 
exceed the manpower if available. 
It is necessary in this case to create a working plan 
with a minimum duration equal to the critical path 
value and with an optimum resources profile 
regarding the uniformity of the resource level. The 
specialized literature offers the mathematical basis 
and the algorithms to solve this. 
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Table 1. Activity description             

Act. 
no. 

Activity 
Duration

[min] 

A 
Taking and bringing the devices for orientation-fastening the work piece and the 
transfer piece 

4 

B Workplace organization 5 
C Checking the processing parameters 4 
D The installation of the work piece and the transfer piece  4 
E The adjustment of the processing parameters 4 

F 
Checking the correctness of the reciprocal position of the work piece to the transfer 
piece. 

3 

G The processing itself 5 
H Intermediary dimensional check  2 
I Final dimensional check 2 
J Replacing the worn-out transfer piece and the processed piece with a new preform 4 

 
 
 

 
 
 
 
 
 
 
 
 

Figure 2. The activity graph of an erosion technological process composed of ten activities 
 
 

Table 2. The calendar graph of the manpower for the erosion processing technological process 

 
 

The problem of leveling resources for the erosion 
processing can be formulated as a programming 

problem with integer numbers, with the following 
linear optimization criteria: 
 

Activity 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
A 4 4 4 4                          
B 5 5 5 5 5                         
C      3 3 3 3                     
D     5 5 5 5                      
E         6 6 6 6                  
F             2 2 2               
G                3 3 3 3 3          
H                     2 2        
I                       2 2      
J                         5 5 5 5 5

Total 
necessary 
resources 
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• minimization of the peak; 
• minimization of the sum of the absolute 

variation; 
• minimization of the sum of the positive 

variation etc. 
A quadratic criterion can also be used, consisting of 
minimizing the sum of the squares of the daily 
necessary ( ). 
Planning the resources consists of establishing the 
erosion processing technological process with the 
minimal total duration which is compatible with the 

available resources profile, in the case of a project 
with constant duration and resources. 
Allocating the resources that is the manpower for the 
erosion processing consists of establishing the 
technological process with the minimal total 
duration which is compatible with the available 
manpower profile allowing the usage of 
differentiated work intensities. 
Table 3 presents a synthesis of the resources 
leveling, planning and allocation [1], [8].                   
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Figure 3. The profile of the necessary resources for the erosion processing technological process 
 

Table 3. The characteristics of the programs for resources (manpower) leveling, planning and allocation for erosion processing 
  

Problem Characteristics Objectives Admissible operations 

Resources 
leveling 

• the total conducted 
activity duration is 
constant; 

• the activities have 
constant durations. 

• obtaining as 
much as uniform 
manpower usage 
level. 

• shifting to the right of the 
non-critical activities 
within the limit of their 
total time reserves. 

Resources 
planning 

• the total conducted 
activity duration is 
minimal; 

• the activities have 
constant durations. 

• respecting the 
available 
manpower 
profile. 

• shifting to the right of the 
activities. 

Resources 
allocation 

• the total conducted 
activity duration is 
minimal; 

• the activities have 
variable durations. 

• respecting the 
available 
manpower 
profile. 

• shifting to the right of the 
activities; 

• varying the activities’ 
duration. 

  

Growth implies the improvement of the technical 
and technological working conditions in order to 
achieve technical and/or economical superior results 
in the activity specific to the erosion processing. 
This is possible by determining the time reserves of 
the technological process and by re-analyzing in a 

probabilistic manner the normalized activity 
duration.   
Determining the critical path along with the critical 
events and activities opens up the possibility of a 
more detailed analysis which needs to be oriented 
according to the following objectives: 

t [min] 
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• assigning supplementary tasks to a worker 
who executes activities with time reserves, 
which can lead to the rational reduction of the 
size of the working teams; 

• individually revising the normalized durations 
corresponding to the activity operations, by 
adding time reserves and without leading to an 
increase in the total duration of the 
technological process but with leading to an 
increase in quality. In this situation, the 
manpower size remains unchanged. 

 
We must mention that besides the normalized 
operation duration, as a result of adding time 
reserves, there is also the possibility of revising the 
total time duration of all the activities or of a group 
of activities which compose a stage of the 
technological process, in the sense of re-evaluating 
them in a probabilistic manner, through the critical 
path method. 
The technical and organizing measures imply either 
using newer more productive technical means, 
which would lead to reduced durations of operations 
or activities, or establishing organizing measures to 
eliminate down times, waits, overlaps or blocking. 
 
3. CONCLUSIONS 
The optimization of the technological processes for 
erosion processing must always be based on their 
functional analysis. This analysis must be done 
using modern mathematical means (the critical path 
method, the expectancy theory, the decision theory 
etc.), with the purpose of determining and applying 
of measured that lead to the economical efficiency 
increase, the improvement of work quality and the 
rational expectation reduction. 
Through theoretical developments of the critical 
path, several variants have appeared over time, 
variants which represent extensions of the problems 
in the direction of controlling the costs of projects to 
avoid to exceed the expenses, in the direction of 
obtaining diagrams for a maximum usage of 
manpower, in the direction of obtaining a working 
plan comparable to the available resources, as well 

as to ensure the control over resource allocation and 
multi-projects planning. 
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