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ABSTRACT: The project will provide a comprehensive overview of the approach taken to develop and 

design an automatic transmission, delving into the intricate details of the engineering and design 

processes involved. It will showcase the meticulous steps taken to ensure that the automatic 

transmission not only meets but exceeds customer expectations in terms of performance and reliability.  

 

KEYWORDS: product design, product development, automatic transmission. 

1. Introduction 

In todayôs society automatic transmissions represent a crucial part of everyday transport, marking it a 

necessity for millions of people, thus efficiency and performance are the driving factors for the automotive 

industry in designing and producing highly efficient, low cost and durable transmissions for people all 

around the world. 

By implementing advanced automatic transmission, the goal is not only to make driving easier and to 

reduce accidents but also to offer the driver a better and more comfortable driving experience. Thus, 

particular attention will be given to optimizing the transfer and retrieval of forces all around to ensure the 

vehicle lasts as long as possible with the minimum number of repairs. 

To achieve these objectives, a detailed and analytical approach is required, including a comprehensive 

assessment of the current situation and specific requirements. Only through a deep understanding of the 

needs and the context in which the automatic transmission will be implemented can the optimal solution be 

identified and implemented, with a significant impact on overall efficiency and performance of the 

industrial process. 

2. Business strategy 

To understand what we need to obtain from an automatic transmission we need to understand its 

characteristics and functions and more importantly to know what the customer wants to find in the product. 

In order to make sure we adhere to the customersô needs we have conducted a questionnaire to find out 

exactly what to focus on while developing the transmission. Table 1 shows the clientsô needs, the parameter 

that influences the need and the solution to the problem. 

Table 1. Needs and needs interpretation.  

Client need Parameter Solution 

I want it to last as long as possible Material Steel (gears) 

I need a light transmission Material Aluminium (casing) 

I want a silent transmission Lubricant Special Transmission Lubricant 

I need a quick acceleration Gear ratios (Low gear) 4.20:1 (1st gear) 

I want to optimize fuel consumption Gear ratios (Overdrive gear) 0.62:1 (6th gear) 
 

 

 



3. Functional analysis 

In this analysis, primary and secondary functions of the automatic transmission were examined. 

The importance of selected functions was assessed on a scale from 1 to 10 (refer to Table 2) to determine 

critical operations requiring specific attention and those suitable for optimization aimed at cost efficiency. 

 

Table 2. Product functions 

Primary/Secondary Functions Rating 

Primary Gear Selection: Selecting the appropriate gear ratio based on vehicle 

speed, load, and driver input. 

10 

Primary Power Transmission: Transmitting power from the engine to the 

wheels efficiently. 

10 

Primary Torque Conversion: Converting engine torque to usable output torque. 9 

Secondary Fluid Cooling: Cooling transmission fluid to maintain optimal 

operating temperatures. 

8 

Secondary Shift Timing: Timing the gear shifts to ensure smooth transitions 

between gears. 

8 

Secondary Manual Override: Allowing manual control over gear selection for 

driver preference or specific driving conditions. 

6 

Secondary Traction Control: Modulating power delivery to the wheels to 

optimize traction and stability. 

7 

 

Based on this analysis, it becomes evident that while all the mentioned functions are essential, their 

impact on vehicle performance or driver safety varies. Understanding this, adjustments can be made to the 

transmission to align with the specific requirements of the vehicle, thereby optimizing the entire process 

for efficiency and cost-effectiveness. 

4. Concept development 

Aiming for the best experience and versatility while driving, the transmission will feature 6 speeds, 

assuring a seamless transition between gears, adaptable for different driving conditions. Additionally, it 

will include a reverse gear for maneuvering and parking and a neutral gear for towing or idling. 

The transmission will be composed of 5 clutches (see figure 1) from which C1 and C2 will be 

driven by two shift forks so that C1 will engage the sun gears of C4 and C5 and C2 will engage the planet 

carrier of C4 and the ring gear of C5. C1, C2 and C3 will be permanently engaged regardless of if C1 or 

C2 are engaged or not. The remaining C3, C4 and C5 are all planetary gear assemblies allowing for a great 

number of possible outputs depending on the engagement of the clutches. 

 

Fig. 1 Plan the Transmission depicting the different clutches. (C1,2,3,4,5 - Clutches) 



 

5. Technical solution development and prototyping 

The clutches C1 and C2 will be composed of a mechanism closely resembling the shifting of a manual 

transmission the only it will engage or disengage the clutches and they can be driven at the same time. 

The C1 and C2 components seen in Fig. 1 (dark blue and brown) will be the synchroniser sleeves in 

the C1 C2 clutches. They will serve the purpose of synchronisation and lock of the Input shaft and middle 

shaft (light blue) in the case of C1 and the input shaft and the C5 ring gear C4 planet carrier assembly. 

Another thing that differs the C1 C2 clutches from a manual transmission is that the sleeves are directly 

connected to the input shaft as opposed to the hubs (Fig. 2). This results in the sleeves having to undertake 

the task of driving the C3 sun gear and the middle shaft (in the case of C1) simultaneously. For a better 

efficiency and to avoid shocks in the system a synchronizer ring is placed between the sleeve and the hub 

to ensure a smooth and synchronized gear change as seen in Fig. 3. 

The gears used for the transmission 

assembly are helical gears and internal helical gears being 

part of the planetary gearsô assemblies. 

Spur gears [2] while being the simplest gear types in terms of geometry they are a fundamental part 

of the calculation for other types of gears. The spur gears consist of a cylindrical base with teeth that are 

straight and parallel to the axis. The gear teeth not only for spur but for all gear types mesh together to 

transmit a rotational motion and power between shafts. Gears can change the rotational speed and or the 

direction of the power transmitted. 

Helical gears [3] are a type of gear very similar to spur gears but with noticeable differences. The 

most notable difference is the angle at which the teeth are cut in regard to the gear axis. This angle is called 

the helix angle Fig.6, this arrangement of teeth ensures a gradual engagement of the teeth, thus providing a 

quicker and smoother operation. 

 

 

 

Fig. 5. Spur gears [2] Fig. 6. Helix curve [3] Fig. 7. Internal gear [4] 

Internal gears are composed of a circular ring base and having the teeth on the inside of the circle. 

Internal gears teeth have a concave or re-entrant shape exactly opposite of the convex shape of the spur or 

helical gear types. Internal gears are often used in Planetary gear assemblies due to the number of options 

available for locking the gear, thus offering more control to the planetary assembly. 

 

Fig. 3 Synchronizer ring [1] 
 

Fig. 2 Manual transmission input 

shaft, hub, sleeve assembly [1] 



Planetary gears or also called epicyclic gears are practically a system in which one or more so called 

planet gears rotate around one central gear called sun gear. While conventional gears are fixed in position 

when mounted planetary gears offers trough the possible movement of its gears and mounting supports called 

planet carriers, more possible gear ratios thus saving on space and weight.[3] The planetary gears used 

composed of one central helical gear as the sun gear, three helical gears as the planet gears and one internal 

helical gear as the ring gear, the planetary gears will be held together by a planet carrier. 

 
Fig. 8 [5] 

For a faster and more reliable way for calculations a program in excel has been made to automatically 

calculate the gear ratios of the planetary gears and the final gear ratios of the transmission, as seen in Fig. 9. 

Since the module of the gears only influence the size of the gears we can insert only the number of teeth for 

the sun and ring gears and the program calculates the needed planet carrier. The neutral gear is obtained by 

locking only the C5 clutch, and no force driven on the middle shaft thus the transmission has no output, and 

the vehicle can be freely moved. The Reverse gear is obtained by locking the C5 ring gear which also locks 

the C4 planet carrier which together with the input resulted from locking the C3 results in rotating the C5 

sun gear in a reversed direction. 

 
Fig. 9 

 The calculations for the gear geometry have been made after the equations from the KHK Gears 

site [6] and an Excel program has been made in order to make much faster and reliable calculations as seen 

in Fig. 10. 

 

 

 

 



 

 

Fig. 10 Calculations for the C5 sun gear right 

hand and carrier gear Left hand 
 

 
 Calculations for the sun and planetary carrier gears will be made for the C3, C4 and C5 planetary 

gears along side with central holes for every gear as a way to fixate them inside the transmission assembly. 

The C3 sun gear will have a big circular central hole because the middle shaft and the C5 ring/C4 Planet 

carrier will be connected to the C2 clutch trough the C3 sun central hole and will not be connected to anything 

except the C3 planetary gears. C4 and C5 sun gears will be connected to the central shaft thus rotating 

together. 

 
Fig.12 Calculations for the C5 ring gear 

 

Fig. 11 Assembly of C5 sun 

and planet carrier gears 



 
Fig. 13 C5 planetary gear assembly  

6. Conclusions  

As the research concludes on the development of an automatic transmission, several key insights 

emerge, shaping the trajectory and outcomes of our project. 

Primarily, market awareness plays a pivotal role. A comprehensive analysis of customer preferences 

and industry dynamics guides our development endeavours, ensuring alignment with market demands. 

Moreover, staying abreast of cutting-edge technology is paramount. Incorporating the latest 

advancements enables us to enhance the performance, fuel efficiency, and longevity of our automatic 

transmissions, distinguishing them in a competitive market landscape. 

Furthermore, maintaining flexibility and adaptability is essential. Given the diverse range of vehicles 

desired by consumers, produced at various times and volumes, adopting flexible manufacturing approaches 

allows us to meet these demands while upholding quality standards. 
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ABSTRACT: This paper presents the current state of the art of ultrasonic aided electrochemical 

polishing, which involves anodic dissolving of the machined material predominantly around the 

microgeometry peaks of the machined surface, ultrasonic depassivation of the neutral layer deposited 

on the machined surface and roughness (Ra) reduction by ultrasonic removal of the microgeometry 

protrusions. Numerical simulations of ultrasonic concentrators integrating different tool sizes and 

different thicknesses of the electrical insulating layer to achieve the resonance condition are performed. 

Numerical simulations are also developed on the process of material removal and depassivation when 

machining a stainless steel. The results of the numerical simulations are validated by experimental 

results obtained, which show the correct operation of the ultrasonic chains and finding an optimum 

value of ultrasonic power (pressure) for maximum Ra reduction. 

KEYWORDS: electrochemical polishing, ultrasound, numerical simulation. 

1. Introduction 

Electrochemical Machining (ECM) is the controlled removal of (electrically conductive) material 

from a workpiece based on the principle of anodic dissolution according to Faraday's laws of electrolysis 

[1].  ECM is used for machining complex shapes from conductive materials, which are difficult to 

machine with other conventional methods [10, 11]. The process is not affected by the hardness of the 

material and has the following advantages: obtaining a good surface quality and a very high productivity, 

up to 105mm3/min (similar to milling) [2, 3]. During electrochemical machining in ultrasonic field 

(Electrochemical Machining Aided by Ultrasonics - ECM+US), US waves create gas microbubbles on the 

surface of the workpiece which, by imploding, produce a large amount of energy that brings advantages 

on improved depassivation of the neutral layer formed on the machined surface, as well as roughness 

reduction by removing the peaks of the surface microgeometry [7]. 

2. Current status 

 

 In ECM polishing (or finishing), the phenomenon of 

anodic dissolution (Fig. 1), which occurs in the electrolytic 

medium (1) as a result of the electric field of intensity E created 

between the tool (2) (cathode) and the workpiece (3) (anode), has 

the following explanation: on the surface of the workpiece, the 

passivated layer (4) is formed, the thickness of which is smaller 

in the region of the micro-peaks [2]. 

 
Fig. 1. ECM +US polishing mechanism 

scheme [adapted from 2] 

The oscillating movement of the tool in the ultrasonic field causes gas bubbles to form in the 

machining gap. By approaching the tool, they implode and produce a large amount of energy (ultrasonic 

cavitation). When these micro-implosions of bubbles occur, the material is removed by reducing the peaks 

of the micro-geometries present on the surface of the part. A higher quality of surface and improved 



depassivation of the neutral layer is achieved [6, 9]. Ultrasonic assist of ECM also yields increased 

productivity by improving electrolyte flow through the machining gap [8]. ECM+US also brings 

advantages when using low energy compared to conventional ECM [12] where electrolyte pressures of 20-

25 atm are used for depassivation [4, 5]. 

3. Ultrasonic chains used to assist ECM polishing 

The construction of the US chains is as shown in Figure 2 [2]: 

a)                          b)  The US processing system consists of a US generator, which 

converts the industrial frequency of 50 Hz AC current from the main 

grid into an ultrasonic frequency, fUS=20-40KHz applied to the 

transducer of the ultrasonic chain - fig. 2. a, example of the 

construction of a US chain, used at USM, where: 1 - discs made of 

piezoceramic material; 2 - steel reflecting bushing; 3 - duralumin 

radiating bushing; 4 - 0.2...0.3 mm thick copper blades (through 

which the transducer is connected to the US generator); 5 - clamping 

screw; the pre-bending force (of tone force magnitude) is controlled 

so that the piezoceramic material transmits the oscillations with 

minimum losses; 6 - concentrator; 7 - tool, included in the US chain. 

 In the ultrasonic chain, standing waves are formed resulting 

from the superposition of elementary waves of the same frequency 

travelling in opposite directions, Fig. 2.b. [2]. Some points oscillate 

with minimum amplitude, knots (N), others with maximum, peak 

amplitude (V). 

Fig. 2. Ultrasonic chain and 

stationary wave formation [2] 

The ECM+US polishing surfaces for which numerical simulations were performed are shown in 

Fig. 3, 4, 5: 

Surface 1 Surface 2 
Surface 3 

 

  
 

Fig. 3. Operation sketch, 

 workpiece 1 

Fig. 4. Operation sketch, 

 workpiece 2 

Fig. 5. Operation sketch,  

workpiece 3 

4. Numerical simulation steps for ultrasonic concentrator 

Simulation of the US concentrator is performed in COMSOL Multiphysics by representing the US 

concentrator, which integrates the tool and helps to determine the eigenfrequency. This is used to obtain 

the resonance condition, the operating condition of the US chain, the equilibrium between the 

eigenfrequency of the concentrator and the transducer. In Fig. 6, the model parameters are shown. In fig. 7. 

is shown the discretization of the ultrasonic chain into free triangular finite elements. In fig. 11, the 



boundary conditions for determining the eigenfrequency of the concentrator are shown - without 

mechanical constraints. 

 

  
 

Fig. 6. Numerical simulation parameters 

 

Fig. 7. Discretization of the 

ultrasonic concentrator 

 

The model has been assigned materials according to figures 8, 9 and 10 where the three zones of 

the ultrasonic chain are illustrated, the concentrator has been assigned the physical-mechanical properties 

of C45 (density, ɟ = 7950 [kg/m3], Young's modulus, E = 2.1 Ā 1011 Pa, Poisson's ratio, ɜ = 0.28), the 

electrode-tool of copper (density, ɟ = 8940 [kg/m3], Young's modulus, E = 1.532 Ā 1011 Pa, Poisson's ratio, 

ɜ = 0.034), and the insulation layer was assigned the properties of epoxy paint (density, ɟ = 1600 [kg/m3], 

Poisson's ratio, ɜ = 0.7).  

As the concentrator is made of a steel (C45) it is electrically conductive, so the insulation layer 

aims to eliminate the electric field between the tool and the workpiece on the surface not intended for 

machining. 

    
Fig. 8. 

Concentrator, 

C45 

Fig. 9. 

Electrode ï tool, 

Cu 

Fig. 10. Isolation 

layer, epoxy paint 

Fig. 11. Boundary 

conditions for 

determining 

eigenfrequency 
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Tool 



 

5. Analysis of results for the eigenfrequency of the ultrasonic concentrator 

The simulation results provide information about the natural frequency of the ultrasonic chain. The 

length of the concentrator and the integrated tool will be determined in order to have at the tip of the tool a 

frequency of 20100 Hz which is the frequency of the transducer (target frequency) for the thickness of the 

0.6 mm insulating layer (to be applied on the real concentrator). 

 

   
Fig. 12. Simulation results  

Tool radius = 8,17 mm 

Fig. 13. Simulation results 

Tool radius = 15,17 mm 

Fig. 14. Simulation results 

 Tool radius = 21,67 mm 

 

The results of the simulations are shown in Figures 12, 13 and 14, these represent the three cases, 

where the tool parameters, radius (R) and length, vary with the surface to be machined. 

After analyzing the data from the first simulation it is determined how the eigenfrequency varies 

with the thickness of the insulating layer. Thus, it decreased with increasing thickness of the insulating 

layer in the range 0.2 - 1 mm. The results are centralized in Figure 15. It can be seen that the resonant 

frequency, 20100 Hz, was obtained at an insulating layer thickness of 0.6 mm for all three US chains 

studied. 

 

  
Fig. 15. Eigenfrequency of the concentrator as a function of the insulating layer 

6. Determination of the nodal plane height 

In the following, the same three cases of ultrasonic chains with different tool electrode radius will 

be analyzed to determine the nodal plane position (fig. 16 - tool radius = 8.17 mm; fig. 17 - tool radius = 

15.17 mm; fig. 18 - tool radius = 21.67 mm). 



   
Fig. 16. Simulation results 

Tool radius = 8,17 mm 

Fig. 17. Simulation results 

Tool radius = 15,17 mm 

Fig. 18. Simulation results 

 Tool radius = 21,67 mm 

 

The results of the simulations are shown in Table 1: 
Table 1 ï Simulation results 

Electrode radius R = 8,17 mm R = 15,17 mm R = 21,67 mm 

Nodal plane height 74,32 mm 63,68 mm 58,9 mm 

The purpose of these simulations was to find the height at which the nodal plane is located, in order 

to create a nodal channel that will be used for the radial fastening of the US chain. 

7. Stages of simulated ultrasonic cavitations 

The formation, development and collective implosion of gas bubbles as a result of ultrasonic 

cavitations in the machining gap is represented during a period (cycle) of ultrasonic oscillation in Fig. 19. 

It can be seen that the collective implosion of gas bubbles occurs at the end of the tool lifting half-period 

(stretching of the electrolytic liquid), at which time high pressures with the magnitude of 100 MPa are 

developed, forming directed shock waves along the machining gap, parallel to the machined surface. 

Implosion time is calculated to be 0.8 µs for a machining gap of 0.1 mm [2]. 

 

 
Fig. 19.  The implosion cycle of gas bubbles on the level of microgeometry 

 

Numerical simulation was performed in COMSOL Multiphysics, 2D axis symmetric, in the solid 

mechanics module using a time-dependent study, over the time of 0.8 µs implosion. The stress produced 

by the bubble implosion was simulated using a contact pressure on the surface of the microdepression (SM). 

In Fig. 20 the parameters of the model are presented. In order to achieve geometry of the piece, the materials 

that will be assigned to the model were taken into account, namely: at the bottom is a stainless steel (SS 

41003 alloyed with 12% Cr), and an iron oxide is formed on the SM (Fe2O3) ï electrically neutral layer ï 

resulting in electrochemical processes through combining the positive ions of the part with the negative 

ions in the electrolyte solution. In Fig. 21 are presented boundary and loading conditions of the model: the 

piece is placed on a flat surface (fixed base on the bottom surface of the model in simulation) and on the 

SM a pressure of contact produced by the force exerted during the implosion of gas bubbles. Due to the 



small size of interstitial surface processing, the direction of these forces is horizontal, parallel to the 

processed surface on the sense negative of the OX axis. 

 

  
Fig. 20 ï Simulation parameters Fig. 21 ï Boundary conditions ï pressure 

of contact on the surface of the cavity 

 

The geometry of the model was created taking into account the distribution of iron oxide especially 

at the tip of the roughness as shown in Figure 22 (mechanical properties of Fe2O3 are: density, ɟ = 4345 

[kg/m3], Young's modulus, E = 300 Ā 1011 Pa [14] , Poisson's ratio, ɜ = 0.24). Figure 23 shows how the rest 

of the part is made of SS 41003 with the following mechanical properties: density, ɟ = 7800 [kg/m3], 

Young's modulus, E = 2 Ā 1011 Pa, Poisson's ratio, ɜ = 0,29. 

 

  
Fig. 22 ï The area of the passive layer at the tip of the 

microgeometry 
Fig. 23 ï Stainless Steel material area 

8. Results 

The following will analyze two simulation cases in which the cavitational US pressure varies. 

In the first case, a relatively low pressure of 50 MPa is applied. This aims at removing the neutral 

layer (depassivation). The simulation results were compared with the shear fatigue strength (Ű0) of iron 

oxide determined using the relations [13]. 

Ű0 = 0,6 * 1,6 * ůr [MPa]  

ůr = 60 MPa 

Ű0 = 0,6 * 1,6 * 60 

Ű0 = 57,6 MPa, 

where, ůr is the static breaking strength. 

(1) 

Axis of 

symmetry 

Axis of 

symmetry 

 

Axis of 

symmetry 

 



This highlights the area where the ultimate tensile strength is higher than the admissible one: 57.6 

MPa. These results are shown in Figures 24 and 25. Therefore, these areas are removed as a result of 

ultrasonic cavitation. 

 

 
 

Fig. 24 ï 2D representation of the removed material Fig. 25 ï 3D representation of the removed material 

 

In the second case, the cavitational US pressure is increased to 200 MPa in order to simulate the 

removal of the passivated layer, but also the microgeometry peaks to reduce the roughness.  

The simulation results were compared with the fatigue shear strength of stainless steel determined 

with the relations [13]. 

Ű0 = 0,6 * 1,6 * ůr [MPa] 

ůr = 550 MPa 

Ű0 = 0,6 * 1,6 * 550 

Ű0 = 440 MPa 
Thus, the points where the breaking stress is higher than the admissible one (440 MPa) are highlighted. These 

results can be seen in Figures 26 and 27. So, these areas are removed in following implosions produced by US 

cavitation. 

 

 

Figure 28 shows the variation of the depth of the sampled layer depending on the ultrasonic 

pressure, after several runs of the model. Thus, the pressure (which corresponds to an optimal value of the 

power of the US generator), so that the roughness of the processed surface is minimized. 

 
 

Fig. 26 ï 2D representation of the removed material Fig. 27 ï 3D representation of the removed material 

(2) 



 
Fig. 28. The influence of pressure on the processing depth 

 

The depth of the initial microdepression (2.544 µm) was marked with the horizontal line. Increasing the 

pressure results in a deeper depth of material being removed, which increases the initial roughness (Ra 

0.636 µm). This corresponds to the Ra measured on the workpiece. 

9. The stand and experimental results 

 

The experimental stand was made by drd. 

eng. As. C. Enciu for successive ECM+US 

machining. 

The machining steps were: 

- positioning and clamping the 12% Cr 

Stainless Steel part in the working 

station; 

- bringing the ultrasonic concentrator 

into working position, frontal gap sF=0.7 

mm (fig. 30); 

- starting the electrolyte tank pump; 

- filling the electrolyte cell with 

electrolyte fluid (fig. 29); 

- switching on the source and setting the 

working parameters (1A and 0,44 V) 

(fig. 31); 

- ECM of a  4,9 cm2 area, for 3 min; 

- switching off the power supply; 

- recirculation of electrolyte for 30s to 

wash the machined surface of 

impurities; 

- switching on the US generator (fig. 

32); 

- generator adjustment at resonant 

frequency, f0 = 20100 Hz and power 

consumption, Pcus = 93-119 W; 

- US machining for 3 min 

- switching off the US generator; 

- emptying the counterpressure chamber 

of electrolytic fluid; 

- US chain release; 

- removal of the workpiece; 

- cleaning the workpiece. 

 

Fig. 29. Experimental stand - electrolytic cell 

  
Fig. 30. ECM+US machining area Fig. 31. Power supply 

 
Fig. 32. Ultrasound generator  



 
Several machining operations were performed with the values of power consumption, Pcus of the 

US generator, in the above-mentioned range and the experimental results are shown in the table 2. Ra values 

were measured with the ISR-C002 INSIZE universal roughness tester. 

 
                                                                Table 2. Experimental results 

J = 0.25 [A/cm2], S=4.9 cm2 Start End, ECM, US t=3 min 

Pcus 

[W]  

I 

[A]  

Ra 

[µm] 

Ra 

[µm] 

Ra reduction 

[%] 

95 1 0.916 0.735 19.8 

103 1 0.488 0.341 30.1 

109 1 0.636 0.419 34.1 

114 1 0.808 0.586 27.5 

119 1 0.863 0.707 18.1 

 

The graphical representation of the variation of roughness as a function of power consumption 

(Pcus) on the machined surface (Fig. 33) shows that the maximum reduction, 34% of Ra is obtained at 

Pcus=109 W. A SEM QUANTA INSPECT F50 scanning electron microscope image of the machined 

surface (Fig. 34) shows a non-uniform removal of the material due to the existence of the usual (light-

colored) Cr carbide particles smaller than 500 nm in the stainless steel. Cavities resulting from ultrasonic 

erosion are also observed, with dimensions of about 1-2 µm. 

 

  

 

 

 

 

 

 US 

Microcavities  

Fig. 33. Variation of Ra as a function of ultrasonic 

power Pcus 
Fig. 34. SEM image of the machined 

surface 
 

10. Summary 

The contributions of the study are: numerical simulation to obtain the eigenfrequency resonance 

condition of ultrasonic concentrators, integrating tools of different sizes with different electrical insulating 

layer thicknesses, used to assist ECM polishing; numerical simulation of Fe2O3 layer depassivation and 

ultrasonic material removal in ultrasonic-assisted ECM polishing of 12% Cr stainless steel; validation of 

the models obtained by numerical simulation by experimental data showing the correct operation of the 

ultrasonic chains and finding an optimum US generator power for maximum roughness reduction after a 

single cycle of operation. 

Future research directions are: modelling material removal by introducing submicrometer Cr 

carbide particles, which influence the process; improving the experimental stand by adjusting the frequency 

range of the US generator and adaptive control to maintain the resonant frequency during processing; 

correlating US removal with ECM by repeating the operating cycle and further reducing the roughness of 

the machined surface. 
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ABSTRACT: The paper presents the current state of the electrochemical polishing process (Electro 

Chemical Machining ï ECM), using the intermittent flow method of the electrolytic liquid. The 

uniformity of the flow rate on the machined surface was aimed for, a key condition for ECM polishing. 

The logical scheme of the study and numerical simulations of the flow were developed for three different 

machining surfaces, in the following cases: laminar flow, turbulent flow and flow stop. The distributions 

of flow velocities in the machining gap were determined. The results of the simulations were validated 

by experimental data that determined an optimal value for the current density on the machined surface 

at which a maximum reduction in roughness was achieved. 

 

KEYWORDS: electrochemistry, electrolyte flow, rugosity, numeric simulation 

1. Introduction 

Electrochemical machining (ECM) is based on the principle of anode dissolution to remove 

material at the atomic level, thus obtaining a high-quality surface [1],[3]. It is a non-contact machining 

method, with the advantages of manipulating materials of any hardness, without inducing tool wear and  

internal stress in the surface layer, but limited to electrically conductive materials. In ECM, the high velocity 

and pressure of the electrolyte in the work gap (the space between the tool and the part) is important to 

remove gas bubbles, heat, dissolved (precipitated) material from the part and to maintain the stability of the 

ECM (electrochemical reactions). In case of uneven flow of the electrolytic liquid on the processed surface, 

striations appear. Therefore, keeping the electrolyte flow under control is very important in the ECM 

process [4]. 

ECM has a wide range of applications in fields such as: electronic, automotive, aerospace, medical, 

food, nuclear, etc. through the ability of ECM to create mirror-like surfaces [1], [5]. 

The work aims to develop an intermittent processing method, which includes several phases: the 

first phase involves a high flow rate of the electrolyte, for washing the processing interstices, and the second 

phase, a reduced flow rate during the current pulses, to allow a controlled polishing of the surface and to 

discourage the formation of the passivated layer [2]. 

2. Current status regarding process influence 

Schematically, an ECM process contains a tool - cathode and a workpiece - anode, with the 

electrolyte introduced under pressure through the gap between them. The electrolyte outlet section 

(adjustable by valve) allows flow control. The fluid flow in the interstitium is usually turbulent, which 

prevents the uniformity of the machining process [1, 2, 3, 5]. 

Patent EP 0 471 086 A1 (fig. 1) presents an innovative device and process for the electrochemical 

polishing of metal surfaces, through an uniform distribution of electric current and the introduction of 

electrolytic liquid intermittently with varying flow rates. The patented technical solutions ensure a laminar 



type of flow during the electrical impulses to process the part uniformly, as well as a turbulent type of flow 

between them to ensure the adequate washing of the interstitium [3]. In fig. 3, the logic diagram of the 

numerical simulation is presented, while in fig. 4, the equipment with which the operation will be performed 

is presented. 

  

Fig. 1 Intermittent ECM processing device [2,3] 
Fig. 2. Logical diagram of the numerical simulation 

process 

 
Fig. 3. The equipment for electrochemical polishing (As. Drd. Ing. C. Enciu) 



Fig. 3 shows the equipment used for experiments, made by As. Dr. Eng. C. Enciu, and figures 4, 5, 

6 show the polished ECM surfaces for which the numerical simulations were carried out.  

  
 

Fig. 4. The machined surface for 

workpiece 1 

Fig. 5. The machined surface for 

workpiece 2 

Fig. 6. The machined surface for 

workpiece 3 
 

3. Determining Reynolds number 

The Reynolds number is calculated, which determines the type of flow (laminar or turbulent) using 

relation (1). For Re < 4000, the flow is laminar, respectively turbulent for Re Ó 4000 [1]: 

                                                   ὙὩ
ẗ ẗ
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                                                           (1) 

where: ɟ ï fluid density [kg/m3]; vel1, vel2 ï electrolyte inlet flow speed [m/s];  l ï characteristic length 

[m];   µ ï dynamic viscosity of the liquid [Pa*s]. 

 

Two values of the flow velocity are introduced and used in the numerical simulation, from   

relation (1), vel1 = 1.5 m/s, respectively vel2 = 0.02 m/s: 
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 The use of the two values vel1 and vel2 aimed at adequate washing of the machining gap, by 

ensuring that the velocity does not cancel out in the machining gap, but to obtain an uniform flow (relatively 

close values of the velocity distribution on the machined surface). 

 

 



5. Numerical simulation of the electrolyte fluid flow through the working gap 

The steps required for modeling using COMSOL Multiphysics 4.2 are described: 

A. The 3D module is chosen as the workspace, then Fluid Flow , Laminar Flow , and as Time 

dependent regime, in case 1, for vel1. [2], [8].  

B. Parameterization of the model and introduction of the characteristics of the electrolyte 

liquid is done according to fig. 7 respectively fig. 8:  

5% NaCl electrolyte properties are introduced: 

 

 

 

Fig. 7. Modeling parameters from Global definitions 
Fig. 8. Introduction of electrolyte properties  

(5% NaCl) 

C.  Creating the flow geometry parameterized by the prior step sizes (fig. 9) and discretizing it 

by fine-sized free tetrahedral finite elements in the geometry node of the Model builder (Fig. 

10.) 

  
Fig. 9. Creation of the geometry of the 

processing gap 
Fig 10. Discretization of geometry in finite elements 

D.  Setting boundary conditions, presented in fig. 11, in the form of a velocity (vel1/vel2) input 

and the output under pressure (pout) of the liquid (fig.12) in the case of laminar flow:  

  
Fig. 11. Selecting the inlet Fig. 12. Selecting the outlet 



E.  Flow simulation is done from the Study module, for each flow. Time parameters can be chosen 

in the case of the time dependent study for laminar flow (Study 1) (fig. 13). The second study is set for 

turbulent flow (Study 2) (fig.14). We also set the flow for the case of cancellation of the inlet flow velocity, 

whose input data are the results of the previous simulation (Study 2), the turbulent flow (fig. 15). 

   
Fig. 13. Setting the laminar flow Fig. 14. Setting the turbulent flow Fig. 15. Setting the laminar flow stop  

 

5. Interpretation of the results 

In laminar flow, it is found that the velocity is canceled in certain areas of the processing gap [2], 

[6], [7], (Fig. 16.). In fig. 17, the pressure reduction on the flow path from the processing gap is highlighted. 

Therefore, the turbulent flow solution is adopted, by increasing the inlet velocity, at vel1. It can be seen 

from fig. 19 that the flow velocity does not cancel, which allows washing of the machining gap, but the 

velocity distribution is not uniform over the machined surface. Finally, the flow velocity at the electrolyte 

inlet is canceled and the flow velocity distribution is obtained after a time of 5 s, fig. 20. Even if the velocity 

is not constant, its values are so small that the electrolytic liquid is considered stationary. At this point, one 

can proceed to the ECM polishing phase (the flow uniformity condition being met). Figures 18 and 21 show 

the distribution of velocities along the electrolyte path. The sequence shown is repeated for models 2 and 

3, shown in Figures 22-27, respectively 28-33. 

 

 

 

Model 1 ï The machined surface for workpiece 1 
 

  

 

Fig. 16. Electrolyte velocity 

distribution in the machining gap, in 

laminar flow 

Fig. 17. Fluid pressure during 

turbulent flow 

Fig. 18. Velocity distribution along the 

electrolyte path for laminar flow 

(vel1 = 0.02 m/s) 

Zero velocity 



  

 

Fig. 19. Electrolyte velocity 

distribution in the machining gap, 

turbulent flow 

Fig. 20. Velocity distribution in the 

machining gap after canceling the 

input velocity, at t = 5 s 

Fig. 21. Velocity distribution along the 

electrolyte path for turbulent flow 

(vel2 = 1.5 m/s) 

 

Model 2 ï The machined surface for workpiece 2 
 

 
  

Fig. 22. Electrolyte velocity 

distribution in the machining gap, in 

laminar flow 

Fig. 23. Fluid pressure during 

turbulent flow 

Fig. 24. Velocity distribution along the 

electrolyte path for laminar flow 

(vel1 = 0.02 m/s) 

  

 
Fig. 25. Electrolyte velocity 

distribution in the machining gap, 

turbulent flow 

Fig. 26. Velocity distribution in the 

machining gap after canceling the 

input velocity, at t = 5 s 

Fig. 27. Velocity distribution along the 

electrolyte path for turbulent flow 

(vel2 = 2 m/s) 

 

Model 3 ï The machined surface for workpiece 3 

   
Fig. 28. Electrolyte velocity 

distribution in the machining gap, in 

laminar flow 

Fig. 29. Fluid pressure during 

turbulent flow 

Fig. 30. Velocity distribution along the 

electrolyte path for laminar flow 

(vel1 = 0.02 m/s) 

Zero velocity 

Zero velocity 



 

  
 

Fig. 31. Electrolyte velocity 

distribution in the machining gap, 

turbulent flow 

Fig. 32. Velocity distribution in the 

machining gap after canceling the 

input velocity, at t = 5 s 

Fig. 33. Velocity distribution along the 

electrolyte path for turbulent flow  

(vel2 = 10 m/s) 

 

6. Experimental results 

The experimental results obtained by the method of intermittent electrolyte flow and ECM 

finishing, 3 min, an area of 4.9 cm2 of a stainless steel with 12% Cr, (see fig. 3) are presented in table 1: 
 

                                Table 1. ECM Model, t = 3 min 

J  

[A/cm2] 

I  

[A]  

Initial Ra 

[µm] 

Final Ra 

[µm] 

Ra reduction  

[%]  

0.1 0.5 0.298 0.258 13.4 

0.15 0.75 0.356 0.278 21.9 

0.2 1 0.3 0.223 25.7 

0.3 1.5 0.449 0.318 29.2 

0.4 2 0.44 0.373 15.2 

 

The graphical representation of the roughness as a function of the current density (J) on the 

machined surface (fig. 28) shows that the maximum reduction of Ra is obtained at J=0.3 A/cm2. An SEM 

QUANTA INSPECT F50 image of the machined surface (fig. 29) shows uneven sampling of the material 

due to light-colored Cr carbide particles less than 1 µm in size, usual in the composition of stainless steel 

with 12% Cr. 

  
Fig. 28. Variation of Ra as a function of current density J Fig. 29. SEM image of the machined 

surface 



7. Summary 

The contributions of the work are the numerical simulation of the electrolyte flow during the 

polishing (finishing) of the ECM, according to a logical scheme that aimed to smooth the flow on the 

processed surface. This was achieved by applying the following phases: 

Å Laminar flow simulation to check the speed distribution in the processing area. 

Å Turbulent high-speed flow for washing the processing interstitium, respectively removing the 

resulting ECM products. 

Å Stopping the flow after 5s and proceeding with ECM for 3 minutes. 

The experimental results obtained, which validated the numerical simulations, highlight the 

reduction of about 25% of Ra by this method of ECM over a stainless steel with 12% Cr. SEM images 

show non-uniform material sampling due to Cr-carbide particles in the stainless-steel composition. 

 

Future research directions are: 

Å Optimizing the current density on the processed surface. 

Å The use of a more efficient electrolyte for stainless steel processing. 

Å Optimizing its concentration and temperature. 

Å Optimizing the processing gap. 

Å Improvement of the experimental stand (electrolyte filtration, temperature, and pH control in 

real time). 
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ABSTRACT: This research study presents the design and development of a bookshelf, aiming to enhance 

it into a smart product. The main objective is to create a smart bookshelf capable of autonomously 

executing various tasks without physical human intervention. Having as a starting point the 

specification resulted from the need and functional analysis, concepts have been explored to 

demonstrate how such a smart bookshelf can operate solely through voice commands or touch input on 

a dedicated tablet application designed specifically for its control. The concepts were analyzed, and the 

optimal solution was further developed by making its numerical model in CATIA software. 

 

KEYWORDS: product design, product development, smart bookshelf. 

1. Introduction 

Bookshelves have a significant history, with significant breakthroughs occurring every century. 

They have long been an essential piece of furniture in homes, serving not only as storage units but also as 

symbolic repositories of knowledge, imagination, and personal identity [1,2]. In our ever-evolving digital 

age, where technology continues to shape the way we interact with our environment, the traditional 

bookshelf is undergoing a transformation into its smarter counterpart [3]. This transition heralds a new era 

of convenience, efficiency, and interconnectedness, while maintaining the timeless charm and functionality 

of its predecessors [2,3]. 

The creation of smart technology has surely revolutionized each component of our lives, and 

bookshelves are no exception [3]. A smart bookshelf integrates present day functions and connectivity 

alternatives to decorate its functionality, convenience, and versatility [4,5]. 

The main aim of this research paper is to introduce the design and development process of an 

innovative smart bookshelf. This bookshelf aims to fulfill human needs by allowing users to relax their 

hands, eliminating the need to manually retrieve books, and enabling the bookshelf to respond to user 

commands promptly. 

2. Business Strategy 

2.1. Need Analysis 

Understanding the specific requirements and priorities of users is essential for the optimal design 

and functionality of the smart bookshelf. In conducting the need analysis, several specific needs were 

identified as presented in table 2.1. The table also outlines the crucial components of the smart bookshelf 

alongside their importance levels, accompanied by a detailed description of each need and a recommended 

solution to address it. 
Table 2.1. Need analysis for the smart bookshelf  

Need Description Importance (1-5) Solution/Feature 

Space Optimization 
Maximize storage capacity while 

minimizing physical space 
5 

Adjustable shelves, compact 

design 

Organization 
Efficiently categorize and locate 

books 
4 

Radio Frequency Identification tags, 

barcode scanning, sorting algorithms 

mailto:abedammar4321@gmail.com


Need Description Importance (1-5) Solution/Feature 

Accessibility Easily reach and retrieve books 5 
Motorized shelves, voice 

commands, app-controlled access 

Aesthetic Appeal 
Enhance the visual appeal of the 

living space 
4 

Sleek design, customizable 

finishes, LED lightning 

Smart Features 

Incorporate technology for 

added convenience and 

automation 

5 
IoT integration, app connectivity, 

voice assistant 

Security 
Protect valuable or rare books 

from theft or damage 
4 

Locking mechanism, security 

cameras, alarm system 

Connectivity 
Enable integration with other 

smart home devices 
3 

Wi-Fi connectivity, compatibility 

with smart hubs 

Power Efficiency 
Reduce energy consumption and 

environmental impact 
3 

Energy-efficient components, 

standby mode 
 

2.2. Functional Analysis 

A functional analysis of a product includes breaking down its features, components, and talents to 

recognize the way it fulfills its meant motive and meets consumer needs [6]. This evaluation specializes in 

the features carried out via way of means of the product in preference to its bodily attributes or layout 

aesthetics. It facilitates picking out the important thing functionalities, checking their effectiveness, and 

finding possibilities for development or innovation [6-7]. 

 Table 2.2 shows the environmental elements with their actions and main functions that connect 

them to the product. 
Table 2.2. Functional Analysis 

Environmental 

elements 
Actions of the environmental element Main functions 

User Helps the bookshelf detect the name of the book by saying its name 
1. Makes the function work 

well 

Tablet Helps achieve the commands by tapping on the book wanted 
1. User interface for the smart 

bookshelf 

Gripper Get the commands from the tablet 1. Handle books to the user  

 

2.3. Market Segmentation 

Market segmentation for smart bookshelves is vital for efficaciously focused on various client 

agencies with tailor-made advertising and marketing strategies. Demographic segmentation identifies 

awesome agencies primarily based totally on elements like age, income, and occupation. For instance, 

younger experts in city settings may prioritize space-saving functions and smooth designs, whilst 

households with youngsters might also additionally seek outsmart bookshelves with childproofing 

measures and academic content. Table 2.3 shows the segmentation categories of the smart bookshelf. 
 

Table 2.3. Market Segmentation of a Smart Bookshelf 

Segmentation Category  Examples 

Demographic 

Age: Young professionals, families with children, seniors. 

Income: Affluent individuals, middle-income households. 

Occupation: Tech enthusiasts, busy professionals. 

Psychographic 

Lifestyle: Minimalists, tech-savvy individuals 

Personality: Early adopters, convenience seekers. 

Values: Sustainability advocates, organization enthusiasts. 

Behavioral 

Usage Occasion: Home use, office use, educational settings. 

Purchase Behavior: Impulse buyers, research-oriented buyers. 

Benefits Sought: Convenience, space-saving, aesthetics. 

Usage Context 

Home Environment: Apartments, suburban homes, luxury residences. 

Work Environment: Home offices, corporate offices, coworking spaces. 

Educational Environment: Schools, colleges, libraries. 



Segmentation Category  Examples 

Technographic 

Technology Adoption: Early adopters, traditionalists, tech skeptics. 

Device Compatibility: Amazon Alexa, Google Home users. 

Connectivity Preferences: Wi-Fi-only users, Bluetooth-enabled users. 

2.4. Expertôs Opinion 

Currently, based on expert opinions, the evolving trends in Smart Bookshelf development can be 

outlined as follows: 

Å Integration with E-Readers 

Å Customizable Design 

Å Data Privacy and Security 

Å User Interface 

Å IoT Integration 

Å Environmental Sensors 

Å Energy Efficiency 

Å RFID (Radio-Frequency Identification) or NFC (Near Field Communication) Technology 

Å Automated Lightning 

3. House of Quality of the smart bookshelf 

By developing the correlations, the smart bookshelf house of quality was built, as shown in Figure 

3.1.  

 



Fig. 3.1. House of Quality for the Smart Bookshelf 

Some of the contradictions highlighted in the roof of the quality house (negative and strong 

negative correlations) were analyzed and solved by formulating them as technical contradictions, using the 

contradictions matrix, the 40 inventive principles and the 39 TRIZ parameters. 

3.1. Description of the problem 

While traditional bookshelves typically encounter few issues due to their simplicity, the advent of 

smart bookshelves introduces challenges related to energy consumption and programming. To mitigate 

these issues, it's crucial to analyze the following aspects: 

Å Energy Efficiency - assessing how efficiently the smart bookshelf utilizes energy to operate 

effectively without excessive consumption. 

Å Data Privacy and Security - ensuring that the smart bookshelf's programming safeguards user data 

and maintains privacy to prevent unauthorized access or breaches. 

3.2. Technical contradictions 

The technical contradictions considered for this product are as follows: 

¶ TC1: When the number of applications increases (P33), the energy consumption is increased (P20). 

¶ TC2: When the number of applications increases (P33), the barcode integration decreases (P33).4 

¶ TC3: When the energy consumption is decreased (P20), the program efficiency is decreased (P27). 

¶ TC4: When the energy consumption is decreased (P20), the Security (User Authentication) is decreased 

(P35). 

¶ TC5: The Services are increased (P27), the Security (User Authentication) is decreased (P35). 

¶ TC6: When the program efficiency is decreased (P27), the Security (User Authentication) is increased 

(P35). 

¶ TC7: When the Security (User Authentication) is increased (P35), the voice control efficiency is 

decreased (P33). 

¶ TC8: When the Security (User Authentication) is increased (P35), the internet of things (IoT) 

connectivity is decreased (P21). 

The improving and worsened parameter for the considered technical contradictions are presented 

in Table 3.1. 

Table 3.1. Improving and worsened parameter for the considered technical contradictions 

Contradiction 

no. (TC) 

Improving parameter Worsened parameter 

Parameter 
name 

Improving desired 

direction/Taguchi 

Type 

TRIZ 

equivalent 
parameter 

(P1éP39) 

Parameter 
name 

Improving 

desired 
direction/Taguchi 

Type 

Unwanted 
effect 

TRIZ 

equivalent 
parameter 

(P1éP39) 

TC1 

No. of 

applications on 
the tablet  

 GTB 
P33. Ease of 

operation 

Energy 

Consumption 
NTB Increasing 

P20. Use of 
energy by 

stationary 

object 

TC1: When the number of applications increases (P33), the energy consumption is increased (P20). 

TC2 

No. of 

applications on 

the tablet  

 GTB 
P33. Ease of 

operation 
Barcode 

Integration 
GTB Decreasing 

P33. Ease 

of 

operation  

TC2: When the number of applications increases (P33), the barcode integration decreases (P34). 

TC3 

Energy 

Consumption 
NTB 

P20. Use of 

energy by 

stationary 
object 

Program GTB Decreasing 
P27. 

Reliability 

TC3: When the energy consumption is decreased (P20), the program efficiency is decreased (P27). 

TC4 
Energy 

Consumption 
NTB 

P20. Use of 

energy by 
stationary 

object 

Security (User 
Authentication) 

GTB Decreasing 

P35. 

Adaptability 

or versatility 



Contradiction 

no. (TC) 

Improving parameter Worsened parameter 

Parameter 

name 

Improving desired 

direction/Taguchi 
Type 

TRIZ 
equivalent 

parameter 

(P1éP39) 

Parameter 

name 

Improving 
desired 

direction/Taguchi 

Type 

Unwanted 

effect 

TRIZ 
equivalent 

parameter 

(P1éP39) 

TC4: When the energy consumption is decreased (P20), the Security (User Authentication) is decreased (P35). 

TC5 
Services GTB 

P27. 
Reliability 

Security (User 
Authentication) 

GTB Decreasing 

P35. 

Adaptability 

or versatility 

TC5: The Services are increased (P27), the Security (User Authentication) is decreased (P35). 

TC6 

Security (User 
Authentication) 

GTB 

P35. 

Adaptability 

or versatility 

Program GTB Decreasing 
P27. 

Reliability 

TC6: When the program efficiency is decreased (P27), the Security (User Authentication) is increased (P35). 

TC7 

Security (User 
Authentication) 

GTB 

P35. 

Adaptability 

or versatility 

Voice Control GTB Decreasing 

P33. Ease 

of 

operation 

When the Security (User Authentication) is increased (P35), the voice control efficiency is decreased (P33). 

TC8 

Security (User 
Authentication) 

GTB 

P35. 

Adaptability 

or versatility 

Internet of 

things (IoT) 

connectivity 

GTB Decreasing P21.Power 

TC8: When the Security (User Authentication) is increased (P35), the internet of things (IoT) connectivity is decreased 

(P21). 

 

4. Conceptual design 

Having as a basis the functions and specifications developed and presented above, five concepts 

were generated from the smart bookshelf, as presented in table 4.1.  

 
Tabel 4.1. Concepts presentation 

Concept 

no. 
Concept sketch Concept description 

1 

 

There was a microphone added to the tablet, an 

extra shelf was added at the bottom, and it has 12 

shelves with the shelf that had the automatic drawer 

compared to the bookshelf with 10 shelves in page 

nr. 2, plus the rubber material that was applied to 

the surface of the bookshelf. 
 

2 

 

There was a cleaning system added to clean the 

microphone below the microphone itself, it was 

connected to the tablet directly. It has 12 shelves 

with a shelf that had an automatic drawer compared 

to the bookshelf with 10 shelves on page nr. 2, plus 

the rubber material that was applied to the surface 

of the bookshelf. 



Concept 

no. 
Concept sketch Concept description 

3 

 

There was a microphone added to the tablet, with 

an ultrasonic audio system at the top of the 

bookshelf. The bookshelfôs outer surface contained 

anti-static material (wood), and we added a 2-finger 

gripper to help grab the book and give it to the 

people. 

4 

 

There was a cleaning system added to clean the 

microphone below the microphone itself, it was 

connected to the tablet directly. The bookshelfôs 

outer surface contained anti-static material (wood) 

but we also chose the wood type to be balsa to make 

it a lightweight material, and we added a 2-finger 

gripper to help grab the book and give it to the 

people. 

5 

 

There was a cleaning system added to clean the 

microphone below the microphone itself, it was 

connected to the tablet directly. The rubber material 

that was applied to the surface of the bookshelf. A 

book divider was added to divide the genre in the 

book. Also, a spring was added to push the books 

from back to front, so people donôt have to push 

their hands inside to get a book. 

After an analysis of the developed concepts, it has been decided that the best one was the third 

concept. This concept numerical model has been designed in CATIA V5 (see fig. 4.1) with a gripper added 

at the inside top of the bookshelf as shown in fig.4.2. 

 
Fig. 4.1. Detailed Design of the Smart Bookshelf 

 



 
Fig.4.2. Smart Bookshelf with a gripper 

 

The integration of technology and smart functionality is achieved through the implementation of a 

gripper mechanism, allowing users to access books without physically reaching into the bookshelf. This 

gripper operates in response to commands issued via a tablet interface, activated by a button press. 

Additionally, the incorporation of a separate microphone addresses issues related to voice recognition, 

overcoming limitations associated with relying solely on the tablet's built-in microphone. 

5. Conclusions 

The integration of technology and smart movement into the developed solution for a smart 

bookshelf represents a significant advancement in convenience and user experience. By incorporating a 

gripper mechanism controlled via tablet commands, users can effortlessly handle books without physically 

interacting with the bookshelf, streamlining organization and accessibility. The addition of an independent 

microphone addresses the challenge of voice recognition, ensuring accurate and responsive interaction by 

capturing commands more effectively. This innovative solution enhances the functionality and accessibility 

of the smart bookshelf, demonstrating our commitment to delivering intuitive and user-centric technology 

solutions. With these enhancements, users can enjoy a seamless and efficient experience, effortlessly 

managing their book collections with the convenience of voice commands and automated gripper 

functionality. 
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Abstract: With the rise in the number of cars, the parking of said cars creates some problems. Car 

accidents triggered by the small spaces and the inexperience of the drivers create unnecessary 

problems. Identifying this problem, a smart parking mechanism that aids the driver in manipulating the 

car is developed starting from the conceptualization stage, design, and validation. 

 

Key words: parking, analysis, concept, mechanism, design. 

1. Introduction 

Since the invention of the car in 1886, people have started depending on it more and more. The 

vehicle helps in a faster transportation while also providing comfort. When it comes to personal cars, the 

automotive industry has been expanding tremendously in the last couple of years. The increase of personal 

cars caused the decrease in parking space available and constant traffic congestion. A notable example of 

how the increase of the number of cars affected the livelihood of people is U.S.A. In 2019, the average 

American spent around 54 h in traffic congestion [1], and that 20% of cars accidents are happening in the 

parking lots [2]. 

With the parking crisis, another problem joins the conversation: car accidents happening in the 

parking lot due to: clumsy drivers, lack of visibility, cramped parking spaces. Out of all the accidents, 

reverse driving accidents account for 25% of all parking lot collisions, 80% of bumper scratches occur 

during parking lot maneuvers, 41% of parking lot collisions involve vehicles hitting stationary objects, and 

vision obstruction is responsible for 27 .5% such mishaps [2].  

Parking issues significantly impact people's daily lives and lead to substantial energy consumption 

and space waste. To alleviate this problem, countries worldwide promote the use of multilevel parking 

facilities. The application of stereoscopic parking equipment has effectively eased the pressure on urban 

transportation. The lifting mechanism of the stereoscopic parking equipment, as the primary actuator, 

should have high stiffness, motion accuracy, load weight ratio, and a short transmission chain. A parallel 

mechanism can address safety and stability issues caused by the long transmission chain of conventional 

stereoscopic parking equipment. The parallel mechanism's frame-based actuation offers significant 

stiffness, short transmission chain, strong load capacity, high precision, small motion inertia, and easy 

control. The 6-DOF Gough/Stewart platform and the 4-DOF Delta robot are the most widely used and 

outstanding representatives of parallel mechanisms. Therefore, the development of the parallel lifting 

mechanism for stereoscopic parking robots is a crucial problem that needs to be addressed to improve the 

efficiency and safety of stereoscopic parking equipment [3]. 

What categorises the Ăsmart parking mechanismò a Ăsmart productò is the fact that the smart 

parking lot is going to aid the driver in manipulating the car in small spaces. The mechanism movement is 

similar to rotary table, therefore, it makes the car the hypothetical work piece which is rotated to the 

operatorôs desire, in this case, the driver. The numerous car accidents that happen while reversing the car, 

supports the creation of such a mechanism which aids the driver in properly manipulating the car so it 

avoids accidents.  



The smart parking lot is an assembly formed by: a AC motor, a V-belt transmission, the rotating 

platform, supports, sensors, a camera, and encoder to receive inputs from the sensors and send them to the 

software the actions the parking mechanism. In this research, the product goes through concept 

development, computer aided design, and computer aided enginnering. Going through those steps ensures 

the quality of the product and its credibility.  

2. Development of the product 

There are multiple types of parking spaces such as: public, private, and hypermarket parking 

spaces. The smart parking system has the potential to become part of all those types. 

Although, development of parking gets more advance each day with the help of digitalization, there 

are no solutions that aid in positioning of the car. Both nationally and internationally, smart parking spaces 

limit themselves to sensors that show their availability, detectors for vehicles, smart signs, and smart maps 

that show the parking spots available in the city. In the end, the market and legal opportunities are big. 

From a political point of view, the European affiliation and integration might encourage the 

development of such projects. In terms of research opportunities, the corporations focus on their own 

researches, and the small to medium companies can be attracted with the help of European funds. 

For developing such a product, concept development was conducted and multiple concepts were 

created. The most relevant concepts were concept 1, as seen in figure 1. a), in which the platform has water 

channels that aid in draining the water off the platform, concept 2 which can be seen in figure 1. b), in 

which the platform has special cavities that will fix the car wheels while the rotation is undergoing, concept 

3 which is illustrated in figure 1. c), it is similar to concept 2, however, instead of cavities, some special 

hooks fix the wheels, and concept 4 which is presented in figure 1. d), this concept has a rougher surface 

that provides a better grip of the wheels without adding other parts to the platform.  

 

  
a)  b)  

 

 

 
c)  d)  

Figure 1. Concepts generated: a) Concept 1, b) Concept 2, c) Concept 3, d) Concept 4 



Due to the fact that the final product is an assembly, its components are identified and designed 

using specialized software.  

The computer aided design of the smart parking mechanism was created using the specialized 

software. Because of the nature of the program, the assembly parts went through a 3D-to-2D process in 

which the 2D drawings were based on the 3D parts previously created. In figure 2 it can be seen the 3D 

model of the assembly showcasing the positions of the parts.  

 

 
Fig. 2 The 3D design of the assembly 

 

The motor, the pulleys, the V-belt, and the parallel key were designed using specialized calculus 

[4]. The guiding curve, the bearings and the shafts were designed using online catalogues [5], and 

catalogues provided during previous courses [4]. The important information regarding this assembly is that 

the platform has a diameter of 3500 mm. 

The parts of the assembly where designed using the specialized software piece by piece, as seen in 

Figure 3: 

 

 
Fig. 3 The designing of the motor 

 

In figure 4 it is presented the designing of the V-belt which will transmit the rotation coming from 

the motor to shaft which will rotate the platform.  

The V-belt was designed using specialized calculations [4].  



 

 

Fig. 4 Designing of the V-belt using the command Sweep and the sketch 

 

The pulleys were designed according to the machine elements standards and with the help of 

commands such as: extrude and cut extrude, as seen in figure 5: 

 

 
 

 

Fig. 5 Designing of one of the pulleys  

 

The computer aided engineering was conducted only on the platform due to the fact that is the most 

important part of the assembly. For the analysis, only modal and harmonic response analyses were 

conducted because there are no other external factors that might influence the platformôs behavior.  

Modal analysis studies free vibration and it is used to determine the dynamic characteristics of the 

structures, namely the frequencies and the mode shapes. Natural frequencies have to be compared with the 

operating frequencies of the machine, to avoid resonances at natural frequencies harmonics. In comparison, 

Harmonic Response analysis is used for simulating how a structure will respond to applying dynamic loads 

sinusoidal. Sinusoidal dynamic loads are very common and can be found in the most unexpected places 

[6]. 

The material chosen for the platform is stainless steel with the following characteristics presented 

in the Table 1. 

 
Table 1 Material characteristics of stainless steel  [7] 

Material Stainless Steel(A36) 

Characteristics  

Density (g/cm3) 7.9 

Tensile strength, ultimate(MPa) 400~550 

Tensile strength, yield (MPa) 250 

Elongation at break 10~20% 

Modulus of elasticity 199947.9615 

Poissonôs ration 0.26 

Hardness (Rockwell) B67~83 

Melting point(deg. C) 1510 

Price $520/ton 

The analysis starts with the mesh creation and validation, as seen in Figure 6: 



 

 
Fig. 6 Generated mesh 

 

After adding some external factors that influence the structure, such as fixed supports, cylindrical 

supports, and surface pressure, components which can be seen in Figure 7:  

 
Fig. 7 The added components 

 

In Figure 8 it is presented the frequencies resulted after the modal analysis was conducted:  

 

 
Fig. 8 Modal analysis results 

 

The harmonic response analysis results can be seen in Figures 9 a), b) and c). 

 



  
a)  b)  

 
c)  

d) Fig. 9 Harmonic Response Analysis: a) The harmonic response analysis ï Total deformation 

result, b) Harmonic response ï Equivalent stress Response, c) The frequency response for the 

harmonic analysis 

 

The results obtained were analyzed and the following conclusions emerged: 

¶ The structure will resist the load done by the car, due to the fact that a carôs natural frequencies are 

in the range of 1.2-1.8 Hz [8] 

¶ Due to the high frequencies obtained, the material can be changed from stainless steel to a lighter 

and cheaper material, for example a 3D printing material such as Ultem 2100 or PEEK. 

¶ Other designs of the platform can be taken into consideration, such as a grid type structure that will 

eliminate most of the weight of the platform  

For further studies, a material properties comparison was conducted between the material chosen 

for the analyses and other possible materials. This comparison can be seen in Table 2: 

 

 

 

 

 

 



Table 2 Material properties 

Material Stainless 

Steel(A36) [7] 

Aluminium 

5052 [9] 
PEEK [10] Ultem 1000 [11] Ultem 2100 [11] 

Characteristics 

Density (g/cm3) 7.9 2.68 1.31 1.28 1.34 

Water absorption, 

24h (%) 
- - 0.10 0.25 0.21 

Tensile strength, 

ultimate(MPa) 
400~550 228 115 105 115.83192 

Tensile strength, 

yield (MPa) 
250 193 110 - 114 

Elongation at 

break 
10~20% ~12% 40% 40% 6% 

Modulus of 

elasticity (GPa) 
200  703000 4343.7 - - 

Poissonôs ration 0.26 0.33 0.43 0.36 - 

Hardness 

(Rockwell) 
B67~83 H108 M100/R126 M112/R125 M114/R127 

Melting 

point(deg. C) 
1510 ~607 340 340 340 

Price $520/ton $500/ton $500/kg 
$59 for 

6.35x305x305 

1110 euros/25 

kg 

3. Conclusions 

Although indispensable, cars have become a hassle to crowded cities and drivers. The increased 

number of cars has created traffic congestions, a constant need of parking lots, and parking lot accidents 

(see §1). 

- Because the parking problem negatively impacts the citizensô daily life, countries worldwide started 

promoting the use of multilevel parking facilities. The application of stereoscopic parking equipment has 

effectively eased the pressure on urban transportation. The stereoscopic parking equipmentô s frame-based 

actuation offers significant stiffness, short transmission chain, strong load capacity, high precision, small 

motion inertia, and easy control (see §1). 

- The Ăsmart parking mechanismò is a Ăsmart productò because it aids the driver in manipulating the car in 

small spaces. The mechanism movement is similar to rotary table, therefore, it makes the car the 

hypothetical work piece which is rotated to the operatorôs desire, in this case, the driver. The numerous car 

accidents that happen while reversing the car, supports the creation of such a mechanism (see §1). 

- The machanism opens the path to new researches on the parking problem. Those researches might create 

a new market and encourage the emergance of start-up companies that will focus on the creation of parking 

mechanisms (see §2). 

- The designing of the parking mechanism undergoes several phases: product design and development, 

computer aided design and computer aided engineering. Those phases ensures the product quality and 

credibility (see §2). 
- The computer aided design of the smart parking mechanism was created using the specialized software. 

Because of the nature of the program, the assembly parts went through a 3D-to-2D process (see §2). 

- In the computer aided engineering phase, the platform undergoes two analyses: modal analysis and 

harmonic response analysis. Those analyses show the rotating platform behavior (see §2). 

- The results of the analyses highlight the possibility of using different materials used for the platform (see 

§2). 

- The smart parking mechanism was talked before in the engineering community, but this product, globally 

speaking, is only in the conceptualization era. With the present technology, this product is possible to 



implement but really expensive to do it. The conceptualization, designing, validation, and production of it 

rises the price up and the implementation of it might highlight some economic aspects.  

- With the creation of such product, both the market and the consumer behavior will change. By identifying 

a need, providing a solution for it, and implementing that solution will trigger other engineers and creators 

to develop something similar but better.  
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ABSTRACT: Industrial automation has become a central element in modern manufacturing 

providing significant benefits.  The current paper proposes an industrial application on three 

segments: Monitoring and Manual Control, Dimensional Control, and Automatic Control. The 

Manual Monitoring and Control Division represents a valuable asset within the manufacturing 

industry, providing workers with efficient monitoring procedures. This enables them to promptly 

respond to any detected issues, thereby enhancing both efficiency and safety within the factory 

environment. The Dimensional Control component assists in engineering and design, helping to 

verify the conformity of manufactured parts, leading to reduced errors and defects in production. 



 

The Automatic Control division facilitates industrial automation, it can be implemented in 

production lines to automatically detect the presence or absence of certain objects, optimizing the 

production flow. 
 

KEYWORDS: Automation, Control, Efficiency, Industry, Optimizations. 

1. Introduction 

Industry 4.0, also known as the "fourth industrial revolution" or "smart factory," represents a 

major transition in the industrial environment, where digital technologies are extensively integrated into 

production processes [1]. 

In today's highly competitive business environment, the industry is challenged by demands for 

productivity, quality, and safety. The role of information technology in achieving these objectives has 

become critical. Large and complex production systems cannot be efficiently and safely managed 

without advanced information management and process control [2]. 

This paper presents an application that integrates various web technologies for controlling and 

monitoring the digitization process in a factory, thus contributing to the expansion of Industry 4.0. The 

need for remote monitoring of processes in a factory has led to the development of an application that 

covers the supervision needs of existing processes and provides real-time workflow information. 

Currently, there are numerous process monitoring applications on the market, but none 

contribute to a deeper understanding of monitoring and automation in a factory. This lack of 

understanding can lead to a decrease in workflow and company profit. 

The application is structured into three sections, aiming to cover a wide range of processes 

encountered in a smart factory: Manual Monitoring and Control, Dimensional Control, and Automatic 

Control. The three divisions will be detailed, explaining the purpose and advantages that each solution 

brings to a company through its implementation. 

2. The existing problems in a factory that require automation 

We are witnessing the greatest transition in the history of the planet. We live in an era where 

factories are becoming "The Dark Factory," or better known as "Lights-out Factory" (operating with 

minimal human activity, allowing them to function in darkness without human intervention) [3]. 

Let's analyze a specific case, where we will compare the application with an existing monitoring 

solution in the industry. Paessler PRTG, developed by "Paessler The Monitoring Experts" [3], is 

recognized for monitoring processes in a factory. However, there are some aspects that can be improved. 

Although it supports IoT and PLC monitoring, the lack of more granular control can be a significant 

impediment. The interface, while intuitive, does not provide an accurate picture of the process nor does 

it allow for precise interventions in case of emergencies or anomalies. In comparison, my application 

stands out for its precision, detailed control, and the ability to react quickly to any unexpected situation 

in the factory. The following sections will present the application's features to highlight its superiority 

compared to other similar applications. 

3. WEB Interface 

The web application, named "Creative Ventures," is developed using HTML, CSS, JS, PHP, 

MySQL, LabVIEW, and NI Vision Assistant, along with various web protocols (HTTP, SMTP), ODBC 

connectivity, a local Apache server, and a small portion of C++. By using these technologies, we ensure 

that we can maximize the potential of each component for its specific purpose. 

The first interaction with the application is through the Sign Up page (Fig. 1): 

 



 

 
Fig. 1. Sign Up page 

 

The user is required to provide personal data to complete the username, password, email 

address, as well as a unique code provided by the "employer" on the Sign Up page. This unique code 

serves as the website's response to the user, granting viewing rights and functionalities to different 

modules of the application. For example, if a company hires an intern, they will only have access to the 

Monitoring and Automatic Control module. 

Upon creating the account, the information is sent through a connection to the MySQL database 

via PHP, where the existence of a similar account and the correspondence of the unique employer code 

will be verified. If the connection is successful, the provided data will be recorded in the database, and 

the user will be redirected to the Log In page to enter the application. 

Once logged into the application, the user is greeted by a concept of a chatbot named Echo. Its 

role is to assist the engineer in completing their tasks. However, Echo remains a concept that can be 

integrated with artificial intelligence in the future. To simulate some of its capabilities, we have created 

a dedicated page where it can respond to a few predefined questions that an engineer might have (Fig. 

2): 

 

 

 
Fig. 2. Echo Page 

 

Another option available to the user in this section is the "My Account" page, where they can 

view their account settings. This means they can see information regarding their account or "Submit a 

Ticket," meaning they can send an automated email to the IT Department for various issues. 

3. Manual Monitoring and Control  

The first section of the application is the Manual Monitoring and Control. The engineer 

accessing this section is greeted by the 5 robots of the pseudo-company (AssemblyLineBot, 

BoxConveyorBot, BottleLiftBot, DairyPackBot, and CrateCraftBot), as well as numerous 

functionalities (Stop/Restart Robot, Maintenance Report, Tasks, Economic Factors) that they can access 

(Fig. 3): 

 



 

 
Fig. 3. Manual Monitoring and Control Interface 

 

The process engineer has access to the 5 robots and can see if they are functional or stopped. 

They can also view details about each robot on the right side, extracted from the MySQL database. As 

this is a simulation of an industrial process, the 5 robots are represented by 5 videos, but instead, CCTV 

cameras could be used to monitor the process. This division is intended for processes where a process 

engineer can easily intervene on-site, as it is a large and open space. If we talk about processes that are 

automated and the engineer cannot easily intervene, we will cover this part in the Automatic Control 

chapter. 

On another note, this process can be stopped, and information about the status of a robot is 

automatically sent to the database (Fig. 4): 

 

 
Fig. 4. Table ñrobotiò from the data base 

 

If the engineer notices an anomaly in the system or a malfunction, they can press the "Stop 

robot" button, where a pop-up will appear to confirm the decision. If they press the "Yes" button, the 

robot's status will be updated to 0. If they wish to restart the robot, they can press the "Restart robot" 

button, and the process will continue, updating the status to 1. 

After the engineer has stopped the process, they have the option to generate a maintenance 

report by accessing the "Maintenance Report" button, where they are redirected to a dedicated page for 

creating the report. The engineer can describe the reason for sending the robot for maintenance, select 

its name, the industrial line it belongs to, as well as the names of the company's director and manager 

(Fig. 5): 

 

 
Fig. 5. Maintenance Report 

 



 

By pressing the "Print" button, a page that can be printed is generated. The name of the engineer 

preparing the report is automatically added, along with their position. 

Another functionality is "Tasks," where the engineer can see the tasks they need to accomplish. 

This page is static, and the engineer cannot make any changes to it (Fig. 6): 

 

 
Fig. 6. Tasks Page 

 

The engineer can only view information about the tasks he needs to perform, and this data is 

directly retrieved from the "tasks" table in the database. To change these tasks, we have developed a 

small LabVIEW application, a virtual instrument, intended for the employer. Only the employer can 

change the task-related data. The application connects to the database, can insert new tasks, can display 

all tasks of a particular employee, and can update an employee's task (Fig. 7): 

 

 
Fig. 7. Virtual Instrument for Assigning Tasks to an Employee 

 
The last functionality of this Manual Monitoring and Control division is the "Economic 

Factors" section, dedicated to visualizing the company's economic performance. In this page, both 

engineers and employers can see economic details about the processes performed in a working day. 

They can directly view all active or inactive robots, as well as the productivity of each robot (data 

retrieved directly from the database, where each robot produces a certain number of products daily). 

Through a basic algorithm in LabVIEW, we have displayed the company's productivity 

percentage on this page. With 5 robots, each represents 20% of productivity. For each inactive robot, 

productivity decreases. This aspect can be observed both in the productivity percentage section and in 

the bar chart. 

Next, we have the revenue section. These revenues are read from the database and, being a 

simulation, are preset for robots working 24/7. When a robot is inactive, the revenue is $0. In reality, 

these revenues vary depending on other factors, which can be integrated when this application is 

implemented by a company. After obtaining these revenues, through a simple calculation, we add up 

the total revenues and display them on the site (Fig. 8): 

 



 

 
Fig. 8. Company Revenues 

3. Dimensional Control 

In Industry 4.0, our goal is to maximize production and minimize waste as much as possible to 

contribute to a more sustainable world. A crucial aspect in quality control industry is achieving the 

highest possible precision during material processing. Within the discipline of "Tolerances and 

Dimensional Control," we have noticed a complete lack of tools in this regard. Digitalization in this 

field is still limited. To illustrate this problem, we can consider a website that deals with the calculation 

of fits between two components (shafts and holes). 

A relevant example is "Online calculation of fits" [4], developed by the Swiss company MESYS 

AG. It is an online platform for calculating deviations and tolerances for fits. The website uses the ISO 

286 (2010) standard. However, it does not provide a very user-friendly solution for engineers. It is an 

old site that does not provide enough details about fits, probably to encourage users to purchase their 

dedicated software. 

Our division deals with calculations that such free web applications do not offer. Our 

application requests the nominal size of the fit, the upper and lower deviations of the shaft and hole. 

The only difference between my site and the application offered by MESYS AG is that an engineer can 

directly input the tolerance field for the deviation calculation. In the future, our application could be 

equipped with such a database. 

After the engineer submits the fit data to the web service, the program is ready to return the 

following information: nominal size, fit deviations (provided by the user), tolerances, dimensions, 

clearances, interferences, minimum and maximum values of the shaft and hole, average clearance and 

interference, clearance, and interference tolerance, and probable. Finally, the type of fit is displayed, as 

well as the corresponding clearances/interferences. To perform these calculations, we used the 

following formulas: 

ei,-es=Td , EI-ES=TD                                                                                                        

(1) 

ei+Dnom=dmin es,+Dnom=dmax

EI+Dnom=Dmin ES,+Dnom=Dmax
                                                                        

(2) 

Jmin)/2+(Jmax=Jmed

 es,-EI=Jmin ei,-ES=Jmax
                                        (3) 

                            
Smin)/2+(Smax=Smed

-Jmax,=Smin -Jmin,=Smax
                                                                                                

(4) 



 

                            
Td)*Td+TD*sqrt(TD=Tjprob

Smin-Smax=Ts Jmin,-Jmax=Tj
                                                                                     

(5) 

Tj,*(2/3)-Jmax=Jprobu2

Tj*(1/3)+Jmin=Jprobu1

Tjprob)/2-(Tj+Jmin=Jminprobs

Tjprob)/2-(Tj-Jmax=Jmaxprobs

                                                                                   (6) 

Tjprob)/2-(Ts+Smin=Sminprobs

Tjprob)/2-(Ts-Smax=Smaxprobs

Tjprob)/2-(Tj-Smax=Smaxprob

                                                                                (7) 

3. Automatic Control 

The Automatic Control Division is the closest to the concept of a smart factory within Industry 

4.0. This division is dedicated to automating processes, minimizing human intervention. We have 

chosen to present a simple type of application for the Automatic Control part in this paper, highlighting 

the potential to add a diverse range of applications within this division. 

Thus, the chosen type of application is the recognition of a part on a conveyor belt. In case a 

part is not detected on the belt, its absence will be signaled on the main panel of the page, and an email 

will be automatically sent to notify about the event that occurred in the industrial belt area. 

In Industry 4.0, sensors are no longer the only solution for monitoring a process. By using 

artificial intelligence, we can develop image processing applications to analyze various aspects. 

Therefore, for this application, we opted to use Vision Assistant, provided by National Instruments, as 

part of the LabVIEW suite. 

We managed to identify the most efficient method for recognizing a part on a conveyor belt. 

One possible approach would have been to take numerous photos of the part from different angles and 

positions to provide the program with a varied range of data to analyze. However, this method is 

extremely slow and does not offer optimal performance. However, we have discovered a method with 

significantly higher efficiency, namely particle analysis and filtering (Fig. 9): 

 

 
Fig. 9. Component recognition script in Vision Assistant 

 

To develop this application, various functions of Vision Assistant were used to process the 

image. Firstly, an Image Mask was created to remove the camera tripod from the image, and then the 

image was compressed to 8 bits by extracting its color plane with Color Plane Extraction. A Threshold 

was applied to the image to delineate the area of interest and minimize the detection of noise in the 

image. As a result, a clear image with the object we want to identify was obtained, but some adjustments 

were still needed. To slightly dilate the object, the Basic Morphology function was used to ensure that 

we have a closed contour. Then, using Advanced Morphology, the holes in the contour were covered 

to avoid detecting multiple unwanted objects on the belt. This was crucial to eliminate confusion caused 



 

by detecting unwanted objects on the belt. The Particle Filter function was used to define the exact area 

of the desired object, so that in case other smaller or larger objects appear, they are eliminated to not 

influence the final result. The last step consisted of Particle Analysis, which allowed us to extract the 

number of detected objects, confirming that there is only one object present on the belt. 

To detect the absence of the piece, we implemented an efficient algorithm that, with the help 

of a camera, transmits real-time images to the LabVIEW application via IP, processes the images using 

Vision Assistant, and sends the result (1 or 0, depending on the presence or absence of the piece) to a 

file. Although we could transmit this data directly to a database, we chose this option for this work 

because it is faster. Then, these data are read, and when a 0 is detected (indicating the absence of the 

piece), a timer is initiated set to 10 seconds. If the piece is missing for 10 seconds, the time is counted, 

and at the tenth second, the timer is reset, and the algorithm to send an email to the user is initiated 

using the SMTP protocol to report the system anomaly (Fig. 10): 

 

 
Fig. 10. SMTP Protocol 

 

6. Conclusions 

Process control and product quality assurance are crucial in the current context. Quality 

standards have significantly risen, and even the smallest control errors can have significant 

consequences. In this paper, we highlighted key points for increasing productivity in a factory, ensuring 

quality, and avoiding anomalies. Manual monitoring and control represent an efficient solution to 

ensure the flow of the process. Through dimensional control, engineers can be more confident that the 

parts are compliant, and process automation through automatic control offers high precision and 

maximum control over productivity. 

Although this paper covers a wide range of applications usable in industry, there is always room 

for development. For example, the manual monitoring and control part will evolve together with 

artificial intelligence. Data about the products made in a factory will be managed by it. Technicians 

dealing with manual, difficult, and repetitive work in a factory will gradually be replaced by 

autonomous, bipedal robots. Moreover, all processes will be exclusively digital. 

In conclusion, the implementation and continuous evolution of monitoring and control solutions 

in the industry are crucial for increasing efficiency, ensuring quality, and adapting to the continuously 

changing market requirements. By integrating emerging technologies, such as artificial intelligence and 

advanced automation, factories can transition to more efficient and reliable processes, thus contributing 

to the long-term success and competitiveness of industrial businesses. 
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9. Notations 

The following symbols are used within the paper: 

TD = bore tolerance [mm]; Td = shaft tolerance [mm]; ES = upper deviation of bore [mm]; EI = 

lower deviation of bore [mm]; es = upper deviation of shaft [mm]; ei = lower deviation of shaft [mm]; 

Dmax = maximum size [mm]; Dnom = nominal size [mm]; Dmin = minimum size [mm]; Jmax = maximum 

clearance [mm]; Jmin = minimum clearance [mm]; Jmed = average clearence [mm]; Smax = maximum 

interference [mm]; Smin = minimum interference [mm]; Smed = average interference [mm]; Tj = clearence 

tolerance [mm]; Tjprob = probable clearance tolerance [mm]; Jmaxprob = probable maximum clearance 

[mm]; Jminprob = probable minimum clearance [mm]; Smaxprob = probable maximum interference [mm]; 

Sminprob = probable minimum interference [mm]
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ABSTRACT: The design of an experimental robot model involved the identification of the required 

functionalities, the design of the corresponding elements and the identification of the necessary 

electrical components. The exterior shape of the model was inspired from the existing electric forklifts. 

The main functionalities of the robot are handling and transporting pallets and the appropriate 

mechanisms were designed to this end. The lifting system was conceived for vertical translation and 

angular motion, using electric motors and a servomotor. The chassis of the robot consists of three 

compartments to accommodate various elements and to ensure the correct operation of the system. The 

model's parts were fabricated using FDM technology and Z-Hips and PLA materials. The programming 

and the assembling were done meticulously, and the performance analysis showed that the model fulfils 

the expected functionalities. However, some aspects that need improvement were identified, such as the 

stiffness of the lifting system and the stability of the bluetooth connection. In conclusion, the 

experimental model is functional and ergonomic. 
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1. Introduction 

 The subject of the paper consists in making a small-scale experimental model of an automated 

robot that, through its functionalities, can handle and transport pallets, and provide relevant information to 

the process. The established objective was achieved through a series of successive activities, starting with 

the design of the robot and manufacturing of the parts, followed by assembling the model and establishing 

the necessary electrical elements, and ending with programming of the instructions. 

2. Current stage 

 

 The year 1867 was marked by the first patent for a device that could both lift and transport 

materials. The device was simple, consisting of a vertical frame, a lifting system and a cantilever platform. 

That system could be attached to a cart, which could then be moved to different sites [3]. 

 In 1913 an invention was created that revolutionized the lifting systems, the hydraulic lift [3]. 

Although the construction of the forklifts in the 1920s allowed their logistical/industrial application, there 

was a significant limitation in terms of their utility: there were no standard dimensions for the pallets. 

Because of it, pallets could be either too small or too large for the forklifts to handle them. In the late 1930s, 

engineers solved this problem by standardizing the pallet sizes [3]. 

 

 

Fig. 1. Illustrations from the patent for the first 

portable lift, a precursor to the forklift mast [3]. 
Fig. 2. Forklift for non-standard pallets [3]. 

At present, automated forklifts make up a large share of the equipment of large industrial warehouses, being 

capable to adapt to specific requirements, these machines can be used in a variety of transport applications 

in factories, warehouses and in centres for distribution and order execution. Such vehicles that can handle 

and transport autonomously heavy objects or materials are known as Automated Guided Vehicles, AGVôs, 

or Autonomous Mobile Robots, AMRôs. They are equipped with sensors and a guidance system to ensure 

precise movements and eliminate the need for the manual control [4]. 

3. Designing the experimental model 

In the initial phase of designing the robot, will be identified the functions which are necessary in order to 

fulfil the established requirements. In the next phase, using Autodesk Inventor [5], will be designed the 



 

elements that will fulfil the identified functions. In the end, the designed parts will be manufactured using 

additive manufacturing technologies. 

3.1. Analysis of the modelôs functions 

 The main functions of the robot consist in pallet handling and transporting. For handling the 

pallets, there is need for mechanisms to ensure the vertical translation of the forks carrying the pallets and 

a mechanism to ensure the angular motion of the lifting system in relation to the ground plane. In order to 

fulfil the transport function, a self-motion system is imposed to the robot. Given that the experimental 

model is not designed to be self-guided, its control function will be provided. A final additional function 

imposed to the robot is the transmission of visual and auditory signals, necessary to provide users or 

observers with information about the process. 

  



 

 Thus, the identified functions of the model are: 

F 1.  Vertical fork translation; 

F 2.  Angular motion of the lifting system; 

F 3.  Self-motion of the model; 

F 4.  Ensuring control; 

F 5.  Transmission of visual and audio signals. 

3.2. Designing the lifting system 

 The lifting system is assigned the functions of vertical translation (F1) and angular motion of the 

forks (F2). The function of translation will be ensured by a system consisting of a fork carrier, guided on 

two vertical uprights, and moved by the means of a pulley system operated by an electric motor. The 

angular motion in relation to the ground plane of the lifting system will be carried out by the means of a 

servomotor that will actuate a mechanical arm. The dimensions of the elements will be designed so that 

handling of a pallet with 100 x 70 mm dimensions can be ensured. 

Table 1. The component elements of the lifting mechanism 

 

Fig. 3. The lifting system of the experimental model. 

No. 

crt. 
Name Unit Type of parts 

1 Forks 2 Designed 

2 Fork carrier 1 Designed 

3 
Main pulley 

1 
Designed 

4 
Servomotor 

1 Purchased 

5 
Upper pulley 

1 
Designed 

6 
Arm 

1 
Designed 

7 
Upright 

2 
Designed 

8 

Electric 

motor with a  

50 RPM 

gear 

1 

Purchased 

9 
Thread 

1 
Purchased 

3.3. Designing the chassis elements 

 The chassis of the robot will be composed of three compartments in which the elements necessary 

to fulfil the F3, F4, F5 functions will be located. The lower compartment is composed of the supporting 

chassis on which the electric motors of the wheels, the electric element for motor control, the electric 

motor and the servomotor of the lifting system are fixed. The uprights of the lifting system are also placed 

on the supporting chassis. The middle compartment is on the lower frame that covers the supporting 

chassis. The Arduino control board will be placed in this compartment. The third compartment is above 

the upper frame, on which the breadboard with the related electrical elements and the battery for 

powering the electrical circuit will be located. 



 

Table 2. The chassis components 

 

 

Fig. 4. Elements of the chassis of the experimental model. 

No. 

crt. 
Name Unit 

Type of 

parts 

1 Chassis 1 Designed 

2 

200 RPM 

electric 

motor  

4 Purchased 

3 
Motor 

fixing cover 
2 Designed 

4 L298N 1 Purchased 

5 Wheel 4 Designed 

6 
Lower 

frame 
1 

Designed 

7 
Middle 

frame 
1 

Designed 

8 
Arduino 

board 
1 Purchased 

9 Upper frame 1 Designed 

10 Breadboard 1 Purchased 

11 9V battery 1 Purchased 

12 
Servomotor 

cover 
1 

Designed 

13 Upper cover  1 Designed 

14 Lower cover 1 Designed 

4. Manufacturing the parts through TFA 

 The designed parts of the experimental model were manufactured using the FDM (Fused 

Deposition Modelling) additive manufacturing technology. This technology is recommended due to the 

fast-manufacturing time, the appropriate resistance of the manufactured parts, as well as to the possibility 

of obtaining complex surfaces. The chosen manufacturing technology imposes some particularities in the 

process of designing the parts, thus, the adjustments were prescribed 0.1...0.2 mm larger clearances, given 

that, following FDM manufacturing, considerable geometric changes are found in bores and shafts. 

  
a) b) 

Fig. 5. a) Manufactured lifting system parts and b) chassis parts. 



 

5. Assembling the parts of the experimental model  

 The robot parts were assembled by clamping and by the means of screws and nuts. The chassis 

was assembled with the lower, middle and upper frame elements by snap-fitting some designed 

geometries. The other parts are provided with holes to fit with assembling with M4 screws and nuts. 

Within the lifting system, cut up threaded M4 rods were used, l = 110 mm. 

  

a) b) 

Fig. 6. a) Elements assembled through clamping, b) screw-nut assemblies. 

6. Identification of the necessary electrical elements 

 In the lower frame, are identified the 4 electric motors necessary for self-propulsion, together with their 

control component, L298N. In the next frame will be the central component and the Arduino board to which the rest 

of the circuit elements are connected, directly or indirectly. In the upper frame will be located the power battery and 

a breadboard on which will be made the connections of the components for transmission of visual/auditory signals, of 

the bluetooth module and of the button.  

The electronic elements of the lifting system, the electric motor and the servomotor will also be located on 

the chassis. 

 

 

 

 

Table 3. The electrical elements of the experimental model 

No. 

crt. 
Name Figure [7] Unit Function 

1 Arduino UNO board  

 

1 

Process and transmit the 

programmed instructions towards 

the executing elements. 

2 L298N H-Bridge 
 

1 
Control of the 4 motors required for 

self-propulsion of the model. 

3 
Electric motor with a 200 

RPM gear 
 

4 
Ensure the rotational motion of the 

wheels (self-propulsion). 



 

No. 

crt. 
Name Figure [7] Unit Function 

4 
Electric motor with a 50 

RPM gear 
 

1 

Ensure the rotational movement of 

the main wheel of the lifting 

system. 

5 Servomotor 

 

1 
Ensure the angular motion of the 

lifting system. 

6 Breadboard 

 

1 
Provide support and connection for 

other electrical elements. 

7 LED 
 

1 
Transmit the visual information 

about the state of the model. 

8 Piezo buzzer  
 

1 
Transmit the auditory information 

about the state of the model. 

9 Button 
 

1 Ensure on-off control. 

10 HC06 bluetooth mode  

 

1 

Ensure the connection and the 

transmission of commands from the 

user interface. 

11 Fire Dupont  
 

~ 
Ensure the electrical connection 

between the elements. 

12 220ɋ, 10Kɋ Resistor 
 

~ 
Ensure the good operation of the 

electrical elements. 

13 9V Battery 

 

1 Power supply 

7. Programming the instructions 

 Broadly, the written code consists of: 

1. Defining the memories of the component elements and of the libraries necessary for code operation; 

2. Pre-setting the initial states of the component elements and setting the data transmission/reception 

speed; 

3. Main loop work function; 

4. Secondary execution functions called by the main function. 

 To serve as an example, the setup code sequence is presented. Initially, this code sequence 

establishes the connection between the Arduino board and the involved circuit elements, then each pin is 

designated as INPUT/OUTPUT. At the end of the function, it calls the secondary execution functions to 

pre-set the initial positions/states of the robotôs elements. 

 void setup() { 

 Serial.begin(9600); 

 pinMode(2, OUTPUT); //setting the first pin of the 50rpm motor as output 

 pinMode(3, INPUT); //setting the button pin as input 

 pinMode(4, OUTPUT); //setting the second pin of the 50rpm motor as output 

 pinMode(5, OUTPUT); //setting the buzzer pin as output 

 pinMode(6, OUTPUT); //setting the led pin as output 



 

 pinMode(7, OUTPUT); //setting the first left motors controlling pin as output  

 pinMode(8, OUTPUT); //setting the second left motors controlling pin as output 

 brat.attach(9); //setting the servomotor pin as (9) 

 pinMode(10, OUTPUT); //setting the first right motors controlling pin as output 

 pinMode(11, OUTPUT); /setting the second right motors controlling pin as output 

 digitalWrite(led,0); // LED pre-setting (off) 

 stop(); // calling the engine stop function 

 angle(u); // calling the function of setting the angular position of the servomotor 

 forks(0); // calling the function of lifting system control (inactive engine) 

 } 

 Once the Bluetooth module becomes a data receiver, the main loop function reads the received 

command and calls the secondary functions involved in performing the functionality intended by the 

operator. Each distinct operation of the model is characterized by lighting of the led with a certain 

intensity and a specific sound. In this way, the visual/audio management functionalities are also provided. 
8. Performance analysis 

 As a result of making the robot and testing it in pallet transport and handling operations, it was 

found that it fulfils acceptably all the functionalities established at the beginning of the design. It can 

move through translational and rotational motion. The lifting system can perform both the vertical 

translational motion and the angular motion in relation with the ground plane of the fork carrier. 

  
a) b) 

Fig. 7. a)  Axis movements of the robot, b) movements of the lifting system. 

 As for the construction of the robot, the designed and manufactured parts form an ergonomic assembly. 



 

  
a) b) 

Fig. 8a, b. The experimental model of pallet handling and transport robot, a) back and b) front views. 

8. Conclusions  

 The designed experimental model is functional and ergonomic. The robot can perform pallet 

handling through the designed lifting system. Pallet transport is performed through self-propulsion of the 

chassis. At the same time, the robot provides the operator/observer with visual and auditory information 

about the current state of the robot, which increases its degree of ergonomics. 
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ABSTRACT: The proposed experimental device is an innovative tool designed to simulate finger 

movements of a hand. It supports reading the positions of all five fingers and setting individual 

limitations for each. By connecting to PCs via Bluetooth or cable, it provides real-time response and 

simulation of finger mobility limitations, allowing users to easily implement this experimental model in 

various other projects. 

KEYWORDS: finger tracking, wireless communication; 

 

1. Introduction 

As digital technologies advance, there is a growing concern regarding the human ability to interact 

efficiently with these innovations. This project focuses on developing a simple and economically accessible 

system to enable people to control digital technologies through human interfaces. The proposed device 

represents a "do-it-yourself" (DIY) approach, integrating easily accessible components into 3D structures, 

thus facilitating its adoption in academic environments. The integration of electrical components in this 

tool optimizes user comfort and system efficiency. Through the open-source philosophy, the project 

encourages collaborative contributions, with the potential to enhance scientific research and accelerate 

innovations. 

2. Current stage 

In 2016, HTC released a virtual tracking system consisting of a VR headset, a pair of joysticks, 

and 2 satellites placed in separate corners of a room. This setup allowed for tracking both the user's head 

and hands in 3D space. Over time, companies shifted their focus to haptic or presence sensors, and then 

later began using a combination of these and images from cameras placed on VR glasses, thus projecting 

the position of hands and fingers more clearly into the virtual environment [3]. 

However, it can be observed in the market that gloves simulating the virtual environment in real 

life, limiting finger movement based on virtual factors, have had a slow increase in popularity due to their 

high price and limited availability. 

3. Project description 

The first stage of the project involved creating a prototype of the hardware system. Currently, 

there are several hardware integrations to ensure the proper functionality of the device. The hardware 

component is a critical aspect of the project, mediating the exchange of information between humans and 

machines. Potentiometers were attached to each finger joint to accurately capture finger movements. These 

potentiometers convert the mechanical motion into varying electrical signals, which are then processed by 

the ESP32 board. The board serves as the controller for the system, interpreting these signals and converting 

them into readable data. 

Given the complexity of this interaction, ensuring robust hardware integration was essential. Each 

potentiometer had to be calibrated to provide precise input, and the Arduino code had to be optimized to 

mailto:iustinivan2002@gmail.com


 

handle multiple inputs simultaneously without delay. This stage involved extensive testing and debugging 

to address any issues that arose, as any inaccuracies could make the system difficult to understand or use. 

In the initial phase, the team focused on the finger position measurement mechanism, considering 

two options: using a potentiometer to control the rotational movement with the distance difference from the 

tip of an extended finger to the distance to the same fingertip when clenched into a fist. 

 
Fig. 1. Simplified model of the circuit 

In the next stage, the design of a casing containing the components presented in Figure 1. The 

latter limits the rotation of the potentiometer, thus restricting the ability to move the finger and forming a 

fist. This simplified approach allows for the development of an accessible and functional device without 

unnecessarily complicating it with a more complex finger limitation mechanism. 

To create the 3D printed case, specific design software was used. After completing the 3D model, 

specialized software was used to generate the necessary code for 3D printing the components. The material 

used for printing is PCTG (Polyethylene Terephthalate Glycol). The use of high-performance materials 

such as PCTG ensures resistance to constant demands, regardless of the heat generated by the electronic 

components. As for the printing parameters: Nozzle Diameter: 0.4 mm; Layer Height: 0.2 mm; Print Speed: 

60 mm/s; Infill Density: 20% which provides sufficient strength for most prototypes and general-use items 

while minimizing material use and print time; Print Temperature: 210°C; Bed Temperature: 60°C this will 

reduce warping and ensures the print stays securely in place; Retraction Distance: 0.8 mm, leading to 

cleaner prints; Supports: Enabled, with a density of 15% and an overhang angle threshold of 60°. 

In Figure 2 is presented the case which will be 3D printed and will containt all the individual 

components for each finger. 



 

 
Fig. 2. 3D model of the case 

 

In the Figure 3 is displayed a better view on how the potentiometers are mounted. 

 

 
Fig. 3. The assembly of the components 

After completing the prototype and assembling the electronic components, attention was given to 

software integration to utilize the data obtained from the potentiometers and control the servo motors. For 

this purpose, code was developed to read the analog values from the potentiometers and actuate the servo 

motors. Bluetooth technology was used for communication between the computer and the microcontroller, 

and the data was transmitted and received through serial communication. 

Thus, the finger positions transmitted by the ESP32 (the microcontroller used) are in the format: 

"XX -XX-XX-XX-XX"  

where XX can vary from 0 to 100; a value of 100 indicates that the finger is fully extended, while a value 

of 0 indicates that the finger is clenched into a fist shape. The same format was used for transmitting the 

limitations on the position of the servo motor; a value of 0 representing the 0-degree position of the servo 

motor, and 100 indicating the 120-degree position. 



 

The microcontroller program was written in a modular manner, thus creating a "FingerControl" 

class, in which the functions for controlling the servo motor (moveServo) and the potentiometer (fingerPos) 

were defined below. 

Therefore, each finger of the glove has an object of type "FingerControl". To create this type of 

object, the constructor with the same name and parameters will be used: the servo motor pin on the 

microcontroller specific to the right finger and the pin of the potentiometer. 

The potentiometer provides analog values read by the microcontroller with a resolution of 12 bits, 

so read values from 0 to 4095. For simplification, the map function was used to transform the values from 

0 to 4095 into values from 0 to 100. The same principle was used for transmitting the position of the servo 

motor. 

The primary code is the class object ñFingerControlò that is explained in steps bellow: 

 

1. Including the Header and Initializing the Servo: 

   ̀ `` 

   #include "FingerControl.h" 

   Servo servo = Servo(); 

   ̀ `` 

   The code begins by including the "FingerControl.h" header file, which contains the necessary 

definitions and declarations for the `FingerControl` class. A global `Servo` object is then initialized. This 

object will be used to control the servo motor that simulates finger movements. 

 

2. Defining the `FingerControl` Constructor: 

   ̀ `` 

   FingerControl::FingerControl(int Servo_pin, int Pot_pin) : Servo_pin(Servo_pin), 

Pot_pin(Pot_pin) { 

       servo.attach(Servo_pin); 

   }  

   ̀ `` 

   The `FingerControl` class is designed to manage the servo motor and potentiometer. The 

constructor takes two parameters: `Servo_pin` and `Pot_pin`, which represent the pins to which the servo 

motor and potentiometer are connected, respectively. Inside the constructor, the servo is attached to the 

specified pin, allowing the program to control it. 

 

3. Reading Finger Position: 

   ̀ `` 

   int FingerControl::fingerPos() { 

       int pozitie = map(analogRead(Pot_pin), 0, 4095, 0, 100); 

       return pozitie; // Return the mapped position 

   }  

   ̀ `` 

   The ̀ fingerPos` function reads the current position of the potentiometer. It uses the ̀ analogRead` 

function to get a value between 0 and 4095, which corresponds to the position of the potentiometer's knob. 

This value is then mapped to a percentage scale from 0 to 100, making it easier to interpret and use in 

further calculations. The function returns this mapped position as an integer. 

 

4. Moving the Servo: 

   ̀ `` 



 

   void FingerControl::moveServo(int percentage) { 

       if (percentage < 0) { 

           percentage = 0; 

       } else if (percentage > 100) { 

           percentage = 100; 

       }   

       int angle = map(percentage, 0, 100, 0, 180); 

       servo.write(Servo_pin, angle); 

   }  

   ̀ `` 

   The `moveServo` function is responsible for moving the servo motor to a specified position. It 

takes a percentage value as input, which represents the desired position of the finger. The function ensures 

that this value is within the valid range (0 to 100). It then maps the percentage to an angle between 0 and 

180 degrees, which corresponds to the range of motion of the servo motor. Finally, the servo is instructed 

to move to the calculated angle. 

The communication between the experimental device and a computer can be easily implemented 

in virtual reality programs, games, and other virtual environments through either a data cable (USB) or 

Bluetooth. 

d  

Fig. 4. The final stage of the experimental glove. 

 

In the above image is presented the finished model with all the components installed and explained 

bellow: 

Strings - Cables that run through the hand and connect to the servomotors. When the servomotors 

rotate, they pull on the strings which in turn move the fingers of the robotic hand.   



 

Servomotors - Motors are designed to rotate a specific angle. In this case, they are used to move 

the fingers.   

ESP32 - Microcontroller used to control the servomotors. It receives signals from a computer 

program and then sends instructions to the servomotors on how to move.  

USB-C** - Connector that is used to power the robotic hand and to connect it to a computer.  

 

4. Conclusions 

The paper outlines the stages of developing an experimental model used for finger movement 

simulation. It focuses on integrating hardware and software to ensure the proper functionality of the device. 

Modularity and scalability were prioritized to allow adaptability to various usage scenarios. 

To further develop this prototype, various sensors can be studied to improve precision and 

responsiveness to finger movements, along with integrating haptic feedback for a more immersive 

experience. Objectives include simplifying and reducing the size of the device, alongside continuous 

innovation to meet user needs and improve interaction in the virtual environment. 
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6. Notations 

The following symbols are used in the paper: 

DIY = ñDo it yourselfò 

COM = ñcommunication portò 

VR = ñvirtual reality systemsò  

AI = ñartificial intelligenceò 

PCTG = Polyethylene Terephthalate Glycol, which is a type of thermoplastic material. 
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ABSTRACT: This paper describes the results obtained through designing and developing a 

virtual instrument using the LabVIEW program. The virtual instrument calculates the 

distance travelled by a spacecraft to a specific celestial body taking into account the 

trajectory of the original as well as the second planet, to create the optimum path, at 

maximum fuel efficiency. The virtual instrument allows the calculation of the distance from 

a point of origin to another celestial body, located in a revolutionary axis around a central 

star, accounting for its influence. 

 

KEYWORDS: LabVIEW, calculator, trajectory, Hohmann transfer. 

 

1. Introduction:  

The very costly, and not-so-long-ago, novel prospect of aeronautical space travel is a topic 

almost synonymous with complex and painstakingly accurate calculations, which whilst taking a 

considerable amount of time, require a very slim margin of error. One that can simply not be left at 

the mercy of human error. 

Calculations concerning the spacecraft trajectory especially, are hard to interpret, as those 

presuppose accounting for the movement of celestial bodies. In such cases, as calculations become 

more complex and elements more numerous, a visual-to-automatic calculator can reduce the number 

of erroneous results as well as lead to a clearer vision of the entire process. 

The virtual simulation allows for quick and exact calculations as well as accounting for the 

constant shift in position of the two chosen planets, those being, the start and end points of the 

presentation, and the theoretical time a journey would take in a spacecraft. 

As specified earlier, the model can account for all coordinates given for any of the two points 

of interest, including accounting for their adjustment in real-time. 

2. Problem breakdown: 

The model is composed of multiple parts, the starting position of our original planet, in this 

case, Earth, with an initial and a final position respectively, and an end-point planet, in this case, 

Mars, with its initial and final position (see Fig. 1): 
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Fig. 1. Simplified Solar System 

The revolution period of Earth is 365.25 days, and its location is mentioned in the tool-

provided table section, the location of Mars, our endpoint, is yet unknown, with a revolution period 

of 686.96 days, but we must remember that this system is in constant motion; as such we need to 

find, how fast the bodies travel on their trajectory, the time a journey might take, and the projected 

distance our end-point will be when the spacecraft makes contact. To find their radius of trajectory 

for our end-point planet, we can use Kepler's Third Law[1] (see Eq. 1). 

                                                                       (1) 

After finding the radius, we ought to find the distance travelled by Mars and its radius speed 

using the equations for our axis of travel (see Eq. 2) and our orbital speed around the Sun (see Eq. 3):  
 

▼ Ⱬ►╜                                                                              (2) 

○╜
▼

╣╜
                                                                               (3) 

And finally, the length of the semi-major axis of the Hohmann transfer orbit [2] (see Eq. 4) 

╪
►╔ ►╜                                                                       (4) 



 

Where: 

►╔ - the radius of the trajectory of Earth 

►□ - the radius of the trajectory of Mars 

╣╔ - orbital period of Earth around the Sun 

╣╜ - orbital period of Mars around the Sun 

▼ - distance travelled by Mars 

○╜ - the speed of Mars 

╪ - the length of the semi-major axis of the Hohmann transfer orbit 

3. Description of the interactive interface: 

The following segment will focus on the Input data required for the initialization and calculus 

of the spacecraft trajectory, as well as the Output data with tailored units for ease of understanding: 

For our input data, we have the following controls adjustable from the front panel, type number: 

E1, M1, corresponding with the two bodies; and string type: Units, corresponding with the preferred 

output unit of measurements (see Fig. 2). 

 

Fig. 2. The LabVIEW Control Table 

When running continuously the virtual tool will display the numerical results on the front panel 

indicator for the following measurements: rM, vM, a, t, E2, M2, alpha M, alpha E (see Fig. 3). 

 

Fig. 3. The LabVIEW Output Table 



 

Along with the visual simulation of a simplified solar system, presenting the aforementioned 

position of Earth, both initial and final, and Mars, likewise initial and final, along with a representation 

of a Hohmann trajectory, in the form of a half-ellipse (see Fig. 4). 

 

Fig. 4. Hohmann Trajectory 

4. Description of the virtual calculator algorithm:  

The virtual simulation allows for a variety of units of measurement which the user can modify 

in real time to guarantee a clear understanding of the mass of any measurements in an intuitive and 

relevant way for any of their purposes. 

These units include angular degrees, minutes, and seconds, metric units from meters to 

kilometres, megametres, and gigametres, and units of time, such as hours, days, weeks and months (see 

Fig. 5). 

 

Fig. 5. Adjustable Units Parameters 



 

The algorithm behind these (see Fig. 6) is a combination of ñCase Structuresò, indicators, arrays 

and ñBuild Arrayò structures that ensure all units are correctly displayed next to their relevant number 

counterparts (see Fig. 3) 

 

Fig. 6 The Units to Case Structure to Arrays to Display 

In the virtual calculator diagram, the Formula Node function was used to compute the 

calculations by utilizing Equations 1 ï 4, as they were introduced, the order of arithmetic operations 

was respected (see Fig. 7). 

 

Fig. 7. Main Formula Node 



 

The velocity and distance travelled by the end-point planet are calculated, as well as the semi-

major axis, which gives us the distance a spacecraft is required to travel to contact the endpoint. The 

time is then computed, to correctly assess the end position of the first and second planet, and the distance 

travelled by both planets is expressed in radii, accounting for the expected distance travelled in the 

previously calculated time so that a final position for both plates can be displayed (see Fig. 1).  

5. Conclusion: 

With all this being said, the visual tool achieves its purpose through the use of the Laboratory 

Virtual Instrument Engineering Workbench or LabVIEW system with its many functions and extensive 

documentation, in simulating a complex operation known as Hohmannôs Trajectory. 
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ABSTRACT: The project focuses on the development of an automatic sorting system for products on a 

conveyor belt. The products, which have barcodes inscribed on them, are sorted into two different boxes 

with the help of sorting arms. These arms are powered by two NEMA17 motors. If a product is not in the 

database, it is left to fall freely at the end of the conveyor belt. The conveyor belt is powered by a NEMA23 

motor and belt transmission. This automatic sorting system can have applications in improving efficiency 

and productivity in various industrial sectors. 

 
KEYWORDS: CONVEYOR, SORTING, AUTOMATION, IMAGE PROCESSING, MONITORING. 

1. Introduction 

In academic research, the paper titled "Design and implementation of an experimental conveyor 

model for product sorting and a process monitoring application" addresses a central issue in the field of 

industrial automation: the efficient sorting of products. 

The paper proposes an automated sorting system that utilizes barcode technology to classify 

products on a conveyor belt. The system is composed of two main components: the hardware, which 

includes the conveyor belt, motors, and webcam, and the software, which includes the database and 

sorting algorithm. 

Products are sorted into two different boxes using sorting arms driven by NEMA17 motors. If 

a product is not recognized by the system, it is allowed to fall freely at the end of the conveyor belt. 

By implementing this system, the paper aims to demonstrate the potential of modern technology 

in improving efficiency and productivity in the industry. The results of this work can serve as a basis 

for the further development of automated sorting systems. 

2. Current state 

The innovation of this project was inspired by the needs of a parts manufacturing company, 

where operators had to manually sort each part based on a numerical code, as shown in Figure 2.1. This 

manual process was not only time-consuming but also prone to human errors. In this context, the project 

aims to automate this sorting process, also changing the labeling of the experimental parts, as illustrated 

in Figure 2.2.             

                                 

        Figure 2.1 Example part from the company            Figure 2.2 Example part  



 

In the process of constructing the transport system, an aluminum bracket was used to secure the 

motor that drives the belt. This bracket was equipped with a vertical adjustment mechanism on screws, 

allowing for precise positioning of the motor. The toothed wheel was attached to the motor shaft with 

a screw, due to the cylindrical shape of the shaft, as shown in Figure 2.3. 

Additional components, such as the rollers used for rotating the belt, the covers, and the toothed 

wheel located at the end of the main roller (as seen in Figure 2.4), as well as the manual focus system 

for the webcam, were manufactured using a Ultimaker Cura 3D printer. The material selected for these 

components was polylactic acid (PLA). 

The choice of PLA as the printing material was determined by several factors, which 

will be discussed further: 

¶ Strength:  PLA is a sturdy material, making it ideal for printing parts such as 

gears, conveyor belt rollers, or roller covers. 

¶ Ease of Printing:  PLA is easy to print and requires a relatively low 

temperature, making it popular among 3D printer users. 

¶ Recyclability:  PLA is considered a more sustainable material because it does 

not come from finite resources such as petroleum but is derived from natural 

and renewable resources: corn starch, tapioca roots, or sugar cane. 

 

                                         

Figure 2.3 Attaching the toothed wheel Figure 2.4 3D printed parts 

Within the construction process, the frames for securing the rollers were made from angle irons, 

as shown in Figure 2.5. Additionally, the support structure for the frame was constructed from 

aluminum profiles. 

The belt tensioning mechanism was designed based on a model presented in a YouTube video. 

It was adapted, as shown in Figure 2.6, to fit the materials used up to that point. 

It is important to mention that all hardware components, i.e., the mechanical ones, were 

created both physically and virtually. This underscores the fact that the project involved not only 

design but also practical implementation. 

 



 

                      
Figure 2.5: Frame for securing rollers                             Figure 2.6: Belt tensioning mechanism 

3. Sorting Algorithm 

                                                                 Table 1.Sorting Algorithm 

Nr. 
Sorting System Schematics Legend 

1.  Direction of belt rotation 

 

 

Box illumination system 

 

 

 

The reading area of the 

webcam 

 

 

 

Part 

 

 



 

2. 

 

Direction of belt rotation 

 

Part trajectory 

 

Webcam reading area 

 

 

Box 

 

 

 

Part 

 

 

Direction of sorting arm movement 

  

 

Barcode position 

 

 

Sorting system operation mode 

In the initial sorting system schematic, various essential features can be identified. Firstly, the 

motor mounting section stands out, featuring integrated channels in the support for adjustment. 

Additionally, the hubs are secured on a threaded rod, which is held between two bearings placed inside 

the hub covers. Furthermore, the overall system structure is depicted. The lighting system is mounted 

in a specific manner, and the reading area of the camera is clearly defined. The initial position of the 

sorting arms and the direction of the part's movement on the belt are also highlighted. 

In the secondary system schematic, the operation mode of the software component can be 

distinguished, as well as a simulation of the path followed by the identified part. The belt will operate 

at a constant speed, and the camera will detect the barcode in real-time. This will be compared with the 

information from the initially configured database. Due to the defined area of the webcam, the barcode 

will need to be positioned perpendicular to the belt's direction of rotation to detect the code in time and 

actuate the sorting arm. After a predefined time interval, the arm will return to its initial position, and 

the part will be directed to the designated box. 

 

 

 

 

 

 

 

 

 

 

 

 



 

4. Execution drawings  

 

 Figure 4.1 Motor mount execution drawing     Figure 4.2 Main motor mount execution drawing             Figure 4.2 Foot execution drawing 

 

 Analyzing figures 4.1, 4.2, and 4.3, it can be observed that positional tolerances were not used 

for the through-holes and threaded holes. The reason is that they do not require such tolerances. 

Instead, flatness tolerances were applied between surfaces to ensure proper alignment of the motor 

and to prevent tilting between the motor seating surface and the machined part. These parts were 

manufactured within the company from which the project concept was taken. 

In the following figures 4.4 and 4.5, dimensions for manufacturing the parts on the 3D printer can be 

observed. They were created to provide information regarding the dimensions of these parts because 

on a 3D printer, there is no need for an execution drawing; the program automatically knows how to 

produce the part. All parts and execution drawings were created using CATIA software. 

            
Figure 4.4: Roller cover execution drawings                                    Figure 4.5: Roller execution drawings 

  

CATIA (Computer Aided Three Dimensional Interactive Application) is a multi-platform 

software suite for Computer-Aided Design (CAD), Computer-Aided Manufacturing (CAM), 

Computer-Aided Engineering (CAE), 3D modeling, and Product Lifecycle Management (PLM). It was 

developed by the French company Dassault Systèmes and is globally marketed by IBM. 

 

 

 

 

 



 

5. Conclusions 
In conclusion, the project "Design and Implementation of an Experimental Conveyor Model 

for Product Sorting and a Process Monitoring Application" represents a significant contribution to the 

field of industrial automation. It demonstrates how modern technology, such as image processing and 

monitoring, can be utilized to improve efficiency and productivity in various industrial sectors. 

The automated sorting system developed in this project not only optimizes the sorting process 

but also provides a solution for managing products that are not registered in the database. By allowing 

them to freely fall at the end of the conveyor belt, the system enables better resource management and 

reduces the risk of errors. Additionally, the use of NEMA motors for driving the conveyor belt and 

sorting arms ensures reliable and efficient operation of the system. 

This project serves as an excellent example of how innovation and technology can be used to 

address practical problems in the industry. 
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ABSTRACT: The aim of this project is to develop a real-time aerodynamics modification 

system for vehicles, where decisions are consistently and autonomously made, adapting to the 

road conditions that it encounters. This system operates intelligently, providing real-time 

assistance in braking, accelerating, and steering the vehicle by increasing the downforce 

generated by an active spoiler positioned at the rear of the car, mounted on its trunk. The 

dynamics of the active spoiler are governed by the tilting of a movable flap into three positions. 

It is actuated by two linear actuators that translate commands received from the Arduino UNO 

R3 into mechanical motion, while initiating the entire operation of the system. Decision-

making is carried out by a program written in C++, which continuously runs on the Arduino, 

acquiring and processing data from the accelerometer sensor. Power for the entire system is 

drawn directly from the car's battery, utilizing multiple electronic components for voltage 

conversion. 

KEYWORDS: spoiler, flap, dynamics, Arduino, actuator  

1. Introduction  

The project includes all the stages outlined in the guide for preparing the bachelor's thesis. The 

purpose of the system called Active Spoiler is to modify the car's aerodynamics in real-time according 

to the situation it is in, significantly improving its performance. These improvements include top 

acceleration speed, top speed during cornering, and reduced braking distance. This type of active spoiler 

is primarily intended for sports competition vehicles, as the forces generated by the system are 

substantial, occurring at higher speeds and during intense accelerations and braking. Of course, its 

efficiency is also high at lower speeds, but the main segment it targets is motorsport or street sports cars 

(production cars homologated with a sporty character). 

The main objectives of the project are to create a spoiler capable of autonomously adjusting the 

position of its components in real-time, generating additional downforce at key moments on the vehicle 

to which it is mounted. The project aims to accomplish all these tasks independently by the spoiler, 

without any human intervention. The spoiler's decisions are based on input from the acceleration sensor, 

independently determining, depending on the situation, if and how much to change the flap's inclination. 

The active spoiler system has been programmed to recognize three road scenarios, critical for improving 

its performance. 

These previously established objectives were initially achieved by using electric actuation systems, 

namely linear actuators, which are compatible with various electronic components that facilitate the 

integration of software applications. These applications are excellently suited for the "autonomous" and 

intelligent character of the active spoiler system. 

2. Current stage 

The study of aerodynamics on automobiles and the development of technologies to enhance their 

performance have been adopted from the aerospace industry. This was achieved by reversing the 

concept applied in aeronautics, namely the creation of lift. Reversing this concept resulted in the 

creation of additional downforce on the tested object. 

Since then, multiple aerodynamic components and systems have been developed to increase 

downforce, but at a cost. Increasing downforce and thus grip through a spoiler comes with the 

disadvantage of creating drag, which slows down the vehicle. 
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The solution is complex: adopting a spoiler with real-time adjustable aerodynamics through the 

independent actuation of a part of the spoiler, called a flap. This need to increase grip at high speeds led 

to the invention of the system called DRS (Drag Reduction System), introduced in Formula 1 in 2011. 

 

 
Fig. 1. DRS System Formula 1 [1] 

The particularity of this existing system is that it is operated by the driver by pressing a button 

on the car's steering wheel, which activates the spoiler's hydraulic system, thereby raising or lowering 

the flap at the driver's command. 

 

Fig. 2 Localization of the DRS button the steering wheel  [2] 

The contribution of this project to the development of this system consists of replacing the 

manual operation of the spoiler's movable components with an automatic one and substituting the 

hydraulic operation with an electric one using linear actuators. By introducing a fully electric and 

electronic active spoiler system, this concept advances to a stage where the actuation system becomes 

completely autonomous, constantly making and adapting decisions based on road conditions. 


