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Abstract.This paper describes in detail the research methodology, including the use of a local SQLite database to 

store information about drawings, materials, processing methods, and formulas. The need for dynamic generation of 

input fields, real-time calculations, and display of drawing thumbnails is emphasized. Particular attention is paid to the 

fault tolerance of the system, including exception handling (division by zero, missing variables, incorrect data entry) 

and ensuring stable operation without abnormal termination. The application architecture is organized according to the 

modular principle (interface, database, computational engine), which simplifies support and extension. The use of the 

eval() function in a strictly limited context for safe execution of formulas is noted. The application is developed in 

Python using PyQt5 and can operate autonomously, without access to the Internet or external servers. The presented 

work demonstrates a solution to the current problem of automation in mechanical engineering, offering a flexible, 

reliable and convenient tool for engineers and technologists. 

 

Keywords: machining, software, SQL, Python, data 

 

Introduction 
Mechanical processing of workpieces is a key link in the production cycle in mechanical engineering [1]. It is 

at this stage that the geometric parameters and physical properties of parts are formed, ensuring their compliance with 

design specifications, tolerances and technical regulations [2]. Given the active introduction of digital technologies in 

recent years, the task of moving from manual and semi-automatic selection of processing modes to their full 

automation has become increasingly relevant [3]. This is especially important in the manufacture of products of 

complex configuration, where even a minimal error can cause defects, a decrease in the operational reliability of units 

or non-compliance with the requirements [4]. 

In the conditions of classical production, the process engineer is forced to spend a significant amount of time 

selecting parameters, based on regulatory reference books, design documentation and his own experience [5]. Such an 

approach is not only labor-intensive, but also prone to human error, especially when it is necessary to promptly 

recalculate parameters for several process scenarios. For example, changing just one initial parameter, such as the 

workpiece material, may require recalculating dozens of dependent quantities [6], which entails multiple revisions of 

all related calculations and reference data [7]. 

The use of software solutions in which formulas and input data are stored centrally and automatically updated 

allows for significantly faster calculations and increased accuracy [8]. This approach is of particular importance when 

working with new or non-standard design developments, when there are no ready-made process charts and the 

calculation of modes must be carried out “from scratch”. 

An analysis of the current situation at machine-building enterprises allows us to identify a number of typical 

problems [9–11]: 

 use of outdated tables of design parameters that do not take into account new materials and technological 

processes; 

 lack of a centralized repository of formulas and reference data; 

 high dependence on the level of qualification of a particular specialist; 

 insufficient variability in the choice of parameters, especially when it is necessary to model several designs; 

 low visibility of calculation results and their visual presentation. 

The problem of integrating heterogeneous types of data deserves special attention: digital models, graphic 

representations of drawings, reference information, user variables and calculation formulas [12]. When processed 

manually, this information is usually distributed among disparate sources - Excel files, paper albums, oral instructions 

or the accumulated experience of individual employees. 

Modern production conditions require software systems to be not only accurate in calculations and correct in 

operation, but also easy to use. Since the end users of such systems are often operators and technologists without deep 

knowledge in the field of programming, an intuitive interface, visual transparency, and minimization of actions 

required to obtain a result come to the fore [13]. 

Currently, the market offers various CAD (computer-aided design) and CAM (Computer-Aided 

Manufacturing) solutions that include modules for calculating processing parameters [14]. The most popular are 

Siemens NX, Autodesk Fusion 360, SolidCAM, Mastercam, SprutCAM, etc. These software products are primarily 

aimed at high-tech enterprises with a developed IT infrastructure, extensive equipment libraries, and a high degree of 

integration with production management systems (ERP, MES, PLM) [15, 16]. However, their functionality does not 

always fully meet the specific tasks solved within the framework of this study. 
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Firstly, most of the listed systems require significant financial investments in licensing, setup and personnel 

training. This limits their use in small enterprises or individual production units. For example, an annual license for 

Fusion 360 costs hundreds of dollars per user, and the implementation of Siemens NX requires the involvement of 

qualified specialists and lengthy setup [17]. 

Secondly, complex engineering calculations, such as selection of cutting modes taking into account the features 

of the part installation and the number of technological passes, are either absent in these systems or are performed 

separately by the technologist. In most cases, CAM solutions are focused on constructing tool paths, simulating the 

processing process and generating control programs for CNC, but not on deep local analysis of calculated data 

adapted to specific production conditions [18]. 

Thirdly, the flexibility of editing built-in reference books, adding custom formulas, introducing new variables 

and adjusting algorithms is often limited. Changing even one calculation dependency, such as feed rate, often requires 

working with closed source code, specialized macros or complex XML templates, which hinders rapid adaptation to 

changing production tasks [19]. 

As an alternative to large complex systems, enterprises often use internal developments in the form of Excel 

files with formulas, macros and connected databases [20]. 

The analysis shows that there is a significant gap between industrial CAM systems and such home-made 

solutions [21, 22]: at one extreme are expensive, powerful, but overloaded and inflexible systems, at the other – 

simple, but unsafe and unstructured tables. It is in this niche that autonomous, customizable and easy-to-use 

applications are in demand, which can be installed on local workstations without the need for expensive licensing, 

server capacity and complex IT support. 

Among the few suitable solutions, we can mention open engineering platforms such as FreeCAD with support 

for Python scripts, as well as Node-RED or Qt-based projects focused on visual programming [23]. However, they 

usually do not contain ready-made calculation algorithms or structured reference data, playing the role of designers 

for creating applications rather than ready-made technological tools. 

There are also attempts by individual organizations to develop their own utilities based on Access, Delphi or 

Java [24–26]. Such programs are most often developed within the enterprise, have weak documentation, are not 

distributed beyond its borders and often do not meet modern interface and scalability standards. 

Thus, the aim of this work is to create software for automated selection of mechanical processing parameters, 

providing the presence of a centralized data storage, the possibility of multi-user work, flexible updating of algorithms 

and protection from incorrect input. 

The system was developed taking into account a set of technological processes for processing parts, including 

the selection and calculation of parameters that affect accuracy. These parameters include cutting depth, feed rate, 

spindle speed and other characteristics that determine the tool operating modes and surface quality. 

All the indicated values are calculated taking into account a number of factors: 

 configuration of the part (the presence of complex internal contours or sharp transitions); 

 workpiece material (steel, aluminum, copper, etc.); 

 processing method (turning, milling, grinding, etc.); 

 the supports and basing elements used (for example, methods for fixing a part during multi-axis processing); 

 number of technological passes (rough, finishing); 

 reference standards and calculation formulas in force in the organization. 

As a result, the designed system must ensure operation with a wide range of input parameters and be able to 

adapt to various technological scenarios. The totality of these requirements determines the complexity of the subject 

area and the impossibility of its effective coverage without automated means. 

 

1. Research Methodology 

The system being developed provides for loading data from a local SQLite database, which stores information 

about drawings, materials used, processing methods, support types, calculation formulas, and reference variables. The 

relationships between these elements are shown in Figure 1. 

The user should be able to select from drop-down lists: 

- the required drawing (including a sketch of the part); 

- support type (basing); 

- material; 

- processing method (e.g. rough milling, grinding, etc.); 

- iteration number (for multi-pass processing). 

Depending on the selected configuration, the system must extract the values of the variables from the 

Variables_dependent_on_material_processing_type table that correspond to the combination "material type - 

processing method - iteration - tooling" (Figure 1). 

Based on the loaded formulas, the system automatically generates input fields for all parameters involved in 

the calculations. The user has the ability to change the values of variables manually, and the recalculation results are 

displayed instantly. 

All calculations are performed in real time when input data changes. Formulas are stored in the Formulas table 

as strings and are processed in a secure mode using a limited context (math module, eval function). 
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The output values of formulas are displayed directly below the corresponding variables as numeric labels, 

which are updated with each recalculation. 

 

 
 

Fig. 1. – Relationships between tables 

 

When a specific drawing is selected, its sketch is loaded, the path to which is specified in the Drawing table. 

Formulas may include division operations, logarithm calculations, and other mathematical operations. The 

program must correctly handle exceptional situations - for example, division by zero, the absence of a variable value, 

etc. - by returning a neutral value (for example, 0.0) to ensure the robustness of the interface. 

The system must be able to dynamically rebuild the set of active formulas with each change in the initial 

parameters: the selected drawing (Eb-function), the type of support (Support-function) or the processing method 

(dependent variables). This approach allows the calculation algorithm to be adapted to a specific technological 

scenario. 

Before starting calculations, the application substitutes values from the Reference_data table if the user has not 

specified them manually. 

It is possible to export the database in SQL format or create a backup copy of the file for recovery in case of 

failure (the function can be implemented by an external script). 

The program operates in a completely autonomous mode, without the need for an Internet connection or 

external servers. All data, including images and formulas, are stored locally. 

The system's performance ensures that calculations are completed in less than 0.2 s, even with a large number 

of formulas and variables. 

To protect against input errors, such as entering text instead of a numeric value or incorrect formulas, a system 

for handling all exceptions has been implemented, preventing abnormal termination of work. 

The user interface is designed with an emphasis on simplicity, compactness and scalability. All elements - 

input fields, lists, labels - automatically adjust to changing window sizes. 

The system allows for the addition of new formulas, variables, materials and processing methods solely by 

updating the database, without interfering with the source code. 

The architectural structure of the application is modular and includes three key components: interface (ui), 

database module (db) and computing module (engine). This simplifies further maintenance and expansion of 

functionality. 

The eval() function works in a closed context that does not have access to the file system, system modules, and 

environment variables. The software is compatible with major operating systems (Windows/Linux/Mac) with Python 

and PyQt5 installed. The final build can be performed as executable files .exe or .app. 

The application code is provided with comments and logging mechanisms, which simplifies debugging. In case 

of errors in formulas or at the initialization stage, the program outputs a message to the console or log file. 

Only standard and proven libraries are used (for example, math, sqlite3, PyQt5), which minimizes dependence 

on external components. 
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Thus, the requirements formed cover all stages of the system life cycle - from data loading to visualization of 

results and fault tolerance. The following sections provide the rationale for the choice of technologies, the database 

structure, architectural solutions and a description of the interface. 

The development of an application for automated selection of machining parameters was carried out in the 

Python environment. 

 

 

 

2. Results and discussion 

 

2.1 Project structure and code organization 

At the logical level, the project structure is divided into three functional blocks: 

- Initialization and startup block (main) - is responsible for creating the application object (QApplication), 

initializing the main window (MachineCalculationApp), setting the size and position on the screen, displaying the user 

interface and handling the shutdown (app.exec()).; 

- User interface block (GUI) — implemented as the main class MachineCalculationApp, inheriting 

QMainWindow. Within this class, interface elements are created and managed: drop-down lists, text labels, input 

fields, scroll bars and graphic images.; 

- Logic and data processing block — includes functions responsible for receiving information from the 

database (load_drawings(), load_materials()), forming a set of variables and input fields (create_input_fields()), 

collecting and calculating data (calculate_all()), safely executing formulas (safe_formula()), and handling events 

(on_drawing_change(), on_material_change(), etc.). 

The class architecture is built with a clear division of function responsibilities, which facilitates the search, 

modification, and reuse of individual modules. The data exchange diagram between modules is shown in Figure 2. 

 

 
 

Fig. 2. – Sequence diagram: performing calculation of processing parameters 

 

The project organization follows the principles of modularity: all code is grouped by purpose, structured and 

provided with comments. The use of a single centralized controller is justified for the current scale of development, 

and the presence of functions with a clearly defined purpose ensures predictability of the program's operation. 

 

2.2 Implementation of the user interface 

The main window of the application is formed on the basis of the QMainWindow class with a central QWidget 

widget, divided into two zones using a horizontal QHBoxLayout container: 

Left panel– a control area that includes drop-down lists for selecting processing parameters (drawing, support, 

material, method, iteration) and a drawing preview area.; 

Right panel– a scrollable area for displaying variables corresponding to the current configuration, their input 

values and calculated results. 
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This layout clearly divides the interface into a block for selecting conditions and a block for displaying 

calculations, which reduces the cognitive load on the user and increases the logicality of interaction. 

Interface elements are created dynamically: after the user selects the material and processing method, the system 

generates a list of necessary variables and displays lines with their name, input field, and result label. When the 

configuration is changed, irrelevant elements are deleted. 

The program implements a reactive operating principle (Figure 3): any change in input data immediately causes 

a recalculation of values and an update of the interface, which eliminates the need for additional confirmation buttons 

and speeds up the interaction process. 

 

 
 

Fig. 3. – Interface of the developed program 

 

Thus, after each change of value or selection, the user instantly sees the recalculated results. This eliminates the 

need for intermediate buttons and makes interaction with the program faster. 

 

2.3 Processing drawings and loading parameters 

Each drawing is stored in the database as a record with a unique identifier, name, and path to the image. The 

Drawing table has the following structure (Figure 4). 
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Fig. 4. – Structure of the Drawing table 

 

When the program starts, a query is made to all Drawing records, after which the drawing names are added to 

the interface drop-down list. 

Drawings are linked to the base elements (Eb), for which calculation formulas are defined. The Eb table 

contains foreign keys linking records to the Drawing and Formulas tables, which ensures logical data integrity (Figure 

5). 

 

 
 

Fig. 5. – Structure of the Eb table 

 

After selecting a drawing, the application generates a selection from the Eb table, defining a set of formulas 

related to this image. These formulas are included in the active list of calculations. Thus, the interface is adjusted to a 

specific drawing and uses the corresponding dependencies. 

Formulas can be linked not only to the drawing, but also to the selected equipment (Support) and processing 

conditions. The program generates a final list of calculations, combining mandatory formulas (mandatory_formula = 

1), formulas for the drawing and formulas for the support. 

After selecting a drawing, the user specifies the material, processing method, support and iteration, which 

determines the choice of variables. Their values are stored in Variables_dependent_on_material_processing_type and 

are specified by four keys: method, iteration, material, tooling. 
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2.4 Implementation of business logic: formulas and calculations 

In the project under development, formulas are stored in the Formulas table as string expressions. Each entry in 

this table contains: 

 uniqueid; 

 output variable name (target_value); 

 the expression text in Python syntax (formula); 

 flag of obligationmandatory_formula, which determines whether the formula should always be applied; 

 binding to the support (Support_formula_id) if necessary. 

Example of a formula line (Figure 6). 

 

 
 

Fig.6. – Example of a formula line 

 

This means that the parameter Rz is calculated based on the current values of the variables f and Vc stored in the 

dictionary d. When substituting data, the formula performs a mathematical operation and returns the result, which is 

displayed in the interface. 

Since formulas are loaded from the database in text form, their direct execution may be unsafe. For protection, 

the wrapper function safe_formula() is used, which ensures execution in a limited context, access to which is only 

available to the math module and the d dictionary. This allows flexible interpretation of dependencies, while 

preventing the execution of malicious code or critical commands (Figure 7). 

Applies hereeval()in a strictly limited context where only the library is availablemathand a dictionary of 

variablesd. This approach allows for flexible interpretation of formulas and at the same time protects the system from 

failures: any error returns the value0.0, and the program continues to work. 

The mechanism for selecting formulas for calculation takes into account: 

 mandatory dependencies (mandatory_formula = 1); 

 formulas associated with the selected drawing (via tableEb); 

 formulas associated with the selected support (tableSupport_formula). 

The combined formula list is used to build a list of variables (Formula Variables) and interface generation, its 

code is presented in Figure 7. 

 

 
 

Fig. 7. – Update code for formulas involved in calculations 

 

Thus, the user sees on the screen only those fields that are necessary for calculations in a specific configuration, 

and the system processes only relevant formulas. 

Before performing calculations, the application generates a data dictionary, which contains: 

 values entered manually by the user; 

 values substituted from the reference bookReference_data; 

 values extracted from the tableVariables_dependent_on_material_processing_type. 

Next, each formula from the active list is passed to the formula_wrapper wrapper, and the result is placed in data 

under the name of the target variable. 
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2.5 Ensuring fault tolerance and graceful shutdown 

 

In real production conditions, it is impossible to completely eliminate operator errors, incomplete data, or 

disruptions in the sequence of operations. Therefore, the system was designed to handle any such situations without 

stopping the application. 

One of the most common cases is when the user enters data that does not match the expected type - for 

example, text instead of a number or an empty value. Such situations are handled in the calculate_all() function (an 

example of implementation is shown in Figure 8). 

 

 
 

Fig. 8. – Example of code implementation of fault tolerance 

 

In case of incorrect input, the variable is automatically assigned the value 0.0, which prevents a crash. This 

mechanism is especially important considering that the end users are engineers and technologists who may not be 

aware of all the internal restrictions on the data format. 

Since all calculation dependencies are stored in the database as strings and executed via the eval() mechanism, 

there is a risk of errors - division by zero, access to missing variables or syntax violations. To minimize these risks, a 

protective wrapper has been implemented, which in the event of a failure returns a safe value (0.0) and records the 

error in the console. Thanks to this, the program continues to work, maintaining the stability of the interface. 

The project also provides for situations where certain parameters — variables, iterations, or formulas — may 

be missing from the database. Instead of stopping execution, the application checks for the required information and, 

if it is missing, simply does not display the corresponding elements. An example of implementation is shown in 

Figure 9. 

 

 
 

Fig. 9. – Example of code when the required data is not found 

 

This approach guarantees the correct operation of the system even with a partially filled database, which is 

especially important at the implementation stage, when not all information can be entered in advance. 

 

Conclusion 

Within the framework of this article, a software system was designed and implemented, intended for automated 

selection of mechanical processing parameters, corresponding to all established requirements. The main task of the 

development was to create an adaptive, reliable and convenient tool for engineers and technologists, providing 

autonomous operation and high accuracy of calculations. 

The following key results were obtained during the work: 

- a system was created that uses a local SQLite database to store all the necessary information - drawings, 

materials, processing methods, support types, calculation dependencies and reference variables. This made it possible 

to eliminate the fragmentation of information typical of traditional approaches using Excel tables or paper media, and 

to provide a single reliable source of data; 

- a reactive interface based on PyQt5 has been implemented, forming a set of input fields depending on the 

current configuration (drawing, material, processing method, iteration). Calculations are performed almost instantly 

(less than 0.2 s), allowing the user to see the result of changing the input parameters in real time. This significantly 

speeds up the process of selecting optimal processing modes and increases the productivity of specialists; 

- mechanisms for handling exceptional situations (division by zero, missing variables, incorrect input) have 

been implemented, which prevent abnormal termination of the program. When an error occurs, the system returns a 
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safe value (0.0) and registers the event in the log, ensuring continuous operation. This approach is especially 

important for production environments, where software stability is a critical factor; 

- the program architecture is built on a modular principle and includes three main areas - the interface (GUI), 

the database (DB) and the computing engine (Engine). This simplifies maintenance, modernization and adding new 

functionality. For example, the integration of additional formulas, variables or materials is carried out by changing the 

contents of the database without editing the source code; 

- to interpret formulas stored as strings, the eval() function is used in a strictly limited and secure environment, 

which allows for flexible specification of mathematical dependencies with complete protection from the execution of 

unwanted code; 

- the software suite functions completely autonomously, does not require a connection to the network or 

external servers, and all necessary data and graphic files are stored locally. This makes the system especially 

convenient for production sites with limited access to the Internet. 

Thus, the developed software demonstrates an effective solution to the current problem of automating the 

selection of mechanical processing parameters in mechanical engineering, combining the accuracy of calculations, 

ease of use and resistance to errors. 
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