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EXPERIMENTAL MEASUREMENTS OF FRICTION BETWEEN 

SPONGE RUBBER AND STEEL 

 

H. S. Wahad, Faculty of Mechanical Engineering and Mechatronics, 

University POLITEHNICA of Bucharest, ROMANIA 

G. Ipate, Faculty of biotechnical system engineering, University 

POLITEHNICA of Bucharest, ROMANIA 

K. A. Subhi, Faculty of Mechanical Engineering and Mechatronics, 
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ABSTRACT: The coefficient of friction is important property of materials. Sponge rubber was used as a sample  

in the test. Sponge rubber used in coulombian damper (generally the rubber has viscoelastic properties).  The 

dynamic friction between sponge rubber and steel ball can be found. In this study, the test used to measure the 

coefficient of friction between steel ball and sponge rubber as a function of angular velocity and different 

pressure. The results showed that the coefficient of dynamic friction decreased when the contact pressure 

increased, whereas it‘s increased when the angular velocity increased. Experimental results are investigated by 

using load cell sensor.  

KEY WORDS: Rubber, Coefficient of friction, Angular velocity, Sensor, Four ball machine 

1. INTRODUCTION 

Rubber friction is a topic of large practical 

importance in applications, such as tires, 

rubber seals, syringes and conveyor belts. 

In recent studies the rubber uses for 

damping because viscoelastic properties 

that is appeared in coulombian damper 

(shock absorbers). Damping phenomena 

based on friction between rubber and 

another material to reduce the vibration in 

the systems. However, there is an 

imperfect comprehension of the some 

parameters that control the friction conduct 

of rubber surfaces. Since the seminal 

experimental work by Grosh [1], frictional 

mechanisms including losses of 

viscoelastic  at micro-asperity scale have 

induce the development of different 

theoretical models beginning from Fourier 

transform analysis used to periodic 

surfaces [2,3] to the  complex model 

developed and expanded by Persson for 

viscoelastic material (rubber) friction  on  

rough surfaces [4,5].  

Utilizing a spectral description of the 

rough surfaces, Persson‘s research predicts 

how the friction force component 

connected with hysteretic losses differs 

with contact pressure and angular velocity 

from an estimate of the real contact area. 

Some experimental outcome supports his 

theory [6]. Den Hartog and Ormondroyd 

used energy approach to prove that the 

optimum friction torque is proportional to 

the torque acting on the primary system 

[7]. Miguel Trejo al el. They show the 

friction of viscoelastic material (rubber) 

with rough surfaces under conditions of the 

torsional contact. 

2. EXPERIMENTAL STEP UP  

In this part of the study we are used the 

following to investigate the goal   

1- Rubber sample with dimensions (l *w * 

t) mm is used for the experimental as 

shown in Figure 1 where: b is the wide of 

the sample (12 mm), l is the length of the 

sample (30 mm) and t is the thickness of 

sample (4 mm).   
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2- TAL201 load cell (maximum measuring 

range 100 Newton), a steel ball tip with 

diameter 12.75 mm,  

3- Amplifier- HX711 and Arduino maga-

2560 are used. Amplifier- HX711 used to 

convert the analog signal to digital signal  

4- Arduino maga-2560 used to transport 

the digital signal to the personal computer.   

5- Steel ball tip as shown in figure 2 a  

All these devices have been installed on 

machine four balls to measure the dynamic 

friction coefficient between rubber and 

steel ball as shown in Figure 3; this test 

was developed by the Haider, Andrei and 

Kussay. Normal loads for different 

velocities are applied as shown in table.1. 

the rubber sample has dimensions  

 

 

 

Table 1. Normal load and angular velocities 

Normal load(N) ω1 rad/s ω2 rad/s ω3 rad/s ω4 rad/s 
2.5 2.1 6.23 8.37 12.47 

5 2.1 6.23 8.37 12.47 

7.5 2.1 6.23 8.37 12.47 

10 2.1 6.23 8.37 12.47 

 

 

  
 

(a) 
 

(b) 
 

Figure 1. A sample of rubber and geometry shape 

 

 

  
(a) (b) 

Figure 2. Iron steel ball tip (a) and Steel ball contact with rubber (b) 

 



Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

15 

 

 

Figure 3. Adapting device used to measure the kinetic friction 

3. RESULT AND DISCUSSIONS  

The results are related to investigation of 

the important mechanical properties of 

rubber such as friction coefficient as a 

function of parameters including angular 

velocity, normal load. 

3.1. Tangential Force 

The sensor reading tangential force by 

using Arduino software and save the 

results in computer connected to system as 

shown in Fig.3. We note the tangential 

force increases when angular velocity and 

normal load are increases as shown in 

figure 4. It clears the maximum tangential 

forces (Ft) at angular velocity 12.47rad/s: 

are  

Ft= 0.17N at normal load 2.5N  

Ft= 0.209N at normal load 5N  

Ft= 0.264N at normal load 7.5N and  

Ft= 0.315N at normal load 10N. 

 

 
Figure 4. Tangential force for different load and angular velocities 
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3.2. Coefficient of Dynamic Friction 

Coefficient of dynamic friction can be 

calculated from the following relations 

where Ft is the tangential force, Fn is the 

normal load. 

Mb is the moment of the ball (N.mm)  

 

                                     (1) 

 

Mt is the genrated moment from tangential 

force (N.mm)  

 

                                              (2) 

 

Where rb is the raduis of ball, x is the 

distance from center of the tip to the 

sensor. The values are: rb=6.375 mm; x= 

185 mm and k =10. 

The friction coefficient will be 

 

 ;                    (3)                     

                                          

The friction force is 

  

                                                (4) 

 

Fig. 5 shows the dynamic coefficient of 

friction (µ) as a function of angular 

velocity( ) at different loads (2.5N, 5N, 

7.5N and 10 N). Generally, the coefficient 

of dynamic friction is very important 

mechanical property of metal. figure 5 

shows the coefficient of friction increases 

when the angular velocity increases.  

 

 
 

Figure 5. The coefficient of friction vs. angular velocity 
 

Figure .6 shows the coefficient of dynamic 

friction as a function of applied pressure on 

the sponge rubber at different angular 

velocities (v1=2.1rad/s, v2=6.23rad/s, 

v3=8.37rad/s and v4=12.47 rad/s) that mean 

as shown in figure 6 the coefficient of 

friction decreases when the conventional 

pressure increases at all angular velocities.  

When the normal load on rubber increases 

the pressure increases that leads to 

decrease in coefficient of dynamic friction. 

 Figure 7 shows the relationship between 

dynamic friction force and normal 

force the friction force increases when 

normal load increases. 

The coefficient of friction is higher at a 

pressure of 19.6 kPa and speed of 12.47 

rad/sec than in the other operating 

conditions, therefore increasing in the 

normal force on the rubber leads to 

increase in coefficient of friction. 
 

 Note : (the convential presure is P=Fn/Ab ,  

where Ab is the area of ball, Ab = r
2
 *π, r is  
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the radius of the ball). 

 
 

Figure 6. The coefficient of friction vs.conventional pressure. 

 

 

 
 

Figure 7. friction force vs. normal force 

 

4. CONCLUSIONS  

The coefficient of friction for rubber was 

measured at different pressures and different 

angular velocities. The rubber has mechanical 

properties such as viscoelastic and non-linear. 

Based on the obtained results, the following 

conclusions:  

The coefficient of dynamic friction increased 

when the angular velocity increased in the 

range (2.1-12.47 rad/s) and the coefficient of 

dynamic friction decreased when the pressure 

increased (20 -80 kPa). 
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SELECTING THE OPTIMAL PROGRAM FOR STRUCTURAL 

ANALYSIS OF MEAT AND MEAT PRODUCTS 

 

Ivanka Krasteva Krasteva 

University of Food Technologies, Plovdiv,  

 
ABSTRACT Created a program to study the structure of meat and meat products by analyzing the 

images. This article describes the testing stages of individual software components. The objective is to 

improve the quality and effectiveness of the product. 

 
 KEY WORDS: structure of meat, structural analysis, microscope images

 

 

Introduction  

They are developed an algorithm 

and a program for the study of the 

structure of marinated meat in Vision 

Assistant, Visison Builder and LabView. 

The article presents a selection of basic 

parameters of the program and part of the 

results obtained in the analysis of the 

structure of marinated meat. 

Description of the 

algorithm of a program for 

studying the change in the 

structure of marinated meat 
The block diagram outlines the 

main steps in creating the program (Fig. 

1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1) Block diagram of main 

steps in creating the program 

 

After loading the resulting color 

digital or microscopic image, it is to 

convert the color image to black and 

white with Grayscale. Semi-finished 
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images are obtained with the green 

component because it has the greatest 

contrast between the light and dark 

sections of the samples. When the 

program is applied to microscope 

imaging, due to the large image increase, 

unwanted noise occurs in the image. To 

remove the noise of the microscopic 

image, a Gauss linear filter is selected 

[1]. With Gauss filtering, the farther away 

is a pixel from the current pixel (the 

kernel), the less weight it has. The 

coefficient in the middle of the filter 

matrix corresponding to the current pixel 

is greatest. Experimentally, the size and 

coefficients of the kernel are determined 

and are set in the algorithm of the 

program (Figure 2) Coefficients are 

selected for microscopic images obtained 

at 60x magnification.  

 

 
Fig. 2   Setting size and kernel coefficients 

 

To study the structure, an image-sharing 

algorithm has been selected for equal 

regions of interest. 

The program has been developed in the 

following three variants, depending on 

the number and size of the areas of 

interest: 

- 45 regions with size 77x99p; 

- 15 regions with a size 231x99p; 

- 81 regions with size 55x77p. 

For the three options, the time for one 

inspection was measured and the results 

are presented in Fig. 3. 

 

 
Fig. 3 Frame rate per second and time to perform one inspection in programs 

 

 

It is noted that with the increase of the 

zones of interest the inspection time is 

increased, from 140.288ms in 15 regions 

of interest to 194.669 ms in 81 regions of 

interest. 

The programs have been tested to 

determine and select the number of 
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regions of interest, to obtain 

unambiguous results for the structure of 

the meat samples tested. 

To select a suitable number of regions of 

interest, microscopic images of marinated 

meat were used. The Kdif variation range 

informs about the uniformity of 

marinating utilization of the meat  

In Fig. 4 shows results for Kdif when 

testing the program with 15 regions of 

interest. In this case, the inspection time 

of a microscopic image is the least, but 

splitting it into only 15 zones results in a 

reduction in Kdif values and a decrease in 

the coefficient variation range. The graph 

does not give a clear estimate of whether 

the marinade is evenly utilized and is not 

informative enough for the consumer.  

 

 
Fig. 4 Results (for Kdif) from testing the program with 15 areas of interest 

 

In Fig. 5 shows results for Kdif when 

testing the program with 81 areas of 

interest. The division of the image into 81 

zones allows for a more precise 

assessment of the use of the marinade, 

but with so small areas of interest, results 

are obtained with ambiguous information 

about the decomposition in the meat 

structure (Figure 5, the result obtained in 

the eight region of interest of the graph " 

before marinating "). 

 

 
Fig. 5 Results (for Kdif) from testing the program with 81 areas of interest 
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Results for Kdif from testing the program 

with 45 areas of interest are presented in 

Fig. 6. The division of the image into 45 

zones gives the clearest assessment of the 

structural changes of the meat. The graph 

is unique and informative to users. This 

program has been chosen as the best 

option for speed and accuracy to inspect 

the received microscopic images. 

 
 

 

 
Fig. 6 Results (for Kdif) from testing the program with 45 areas of interest 

 

Application of the developed algorithm 

and program for tracking the change in 

the meat structure during marinating. For 

meat samples examined, the change in 

the weight of the meat cuts before 

marinating and during the 12, 24 and 48 

hours in the marinade was followed. The 

change in weight is given in Table 1. For 

the same samples in the first step of a 

program, the number of light pixels of the 

entire microscopic image is determined. 

Correlation coefficients are defined 

between the weight change of the 

samples and the change in the number of 

light pixels[2,3]. The results obtained 

show that there is a strong correlation of 

the two indicators, i.e. the amount of 

marinade absorbed in the sample strongly 

affects the number of bright pixels in the 

image (Table 1). 
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          Table 1. Results of the conducted study 
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Conclusions 
The main role of testing is to reduce the       

risk of problems gaining assurance about the 

quality level. 

The developed program can be applied to 

different types of meats and meat products in 

order to objectively determine the structural 

changes in the marinating process. 
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ABOUT SOLIDWORKS ADVANCED FEATURES IN ASSEMBLIES 

 

Prof. Cătălin Iancu, Constantin Brâncuşi University of Târgu-Jiu, ROMANIA 

 

  
ABSTRACT:  In this paperwork is presented the SOLIDWORKS advanced feature for assemblies that consists 

in detecting problems in modeled assembly. Gradually are presented the steps to be taken in order to use these 

features for better design. There is presented the Interference Detection feature that identifies interferences 

between components, and helps to examine and evaluate those interferences and make the changes necessary to 

correct them. 

 

KEY WORDS:  SOLIDWORKS, advanced features, assemblies, Interference detection. 

 

 

1. INTRODUCTION 
 

In [1], it has been presented some of  

SOLIDWORKS advanced design features, 

such as SOLIDWORKS Configuration 

facility, which allows create multiple 

variations of a part or assembly model 

within a single document. Also in [2] it has 

been presented other built-in features of 

SOLIDWORKS that permit modeling of 

special items. So these facilities are 

providing the tools for developing and 

managing families of models with different 

dimensions, components, or other 

parameters. 

So far it has been presented useful features 

for modeling parts. Here will be presented 

a feature very useful when modeling 

assemblies that consists in detecting 

problems such as interference.    

In figure 1 and figure 2 are presented the 

parts that will be assembled.  

 

 
 

Figure 1. Screw-washer-nut 
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Figure 2. Support plate 

 

2. BUILDING THE ASSEMBLY 

 

The issue in this paper is not the assembly 

itself, being just a simple one. The real 

issue is the analysis made afterwards on 

the modeled assembly. 

So in the first step are assembled the 2 

support plates by using Mirror Component 

feature, figure 3. 

 

 
Figure 3. Assembly base 

 

In the next steps are assembled: 

- the screws; 

- the washers; 

- the nuts, as shown in figure 4. 

It was used the Insert Component feature 

for adding each component (first screw-

washer-nut) and the Mate feature for 

correct positioning. It was used also Linear 

Component Pattern for multiplication of 

assembly elements. The final result is 

shown in figure 4. 

 

  

Figure 4. Assembly 

 

3. FEATURE USED FOR 

ASSEMBLY ANALISYS [3] 
 

Interference Detection – identifies 

interferences between components, and 

helps to examine and evaluate those 

interferences. 

This feature is useful especially in complex 

assemblies, where it can be difficult to 

visually determine whether components 

interfere with each other [3].  

With Interference Detection, it‘s possible 

to [4]: 
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- Determine the interference between 

components. 

- Display the true volume of interference 

as a shaded volume. 

- Change the display settings of the 

interfering and non-interfering 

components to see the interference 

better. 

- Select to ignore interferences that you 

want to exclude, such as press fits, 

interferences of threaded fasteners, and 

so on. 

- Choose to include interferences 

between bodies within a multibody 

part. 

- Choose to treat a subassembly as a 

single component, so that interferences 

between the subassembly's components 

are not reported. 

- Distinguish between coincidence 

interferences and standard 

interferences. 

 

For using Interference Detection feature, 

one must follow steps: 

- Click Interference Detection 

 (Assembly toolbar) 

or Tools > Interference Detection. 

- In the Property Manager: 

a.  Make selections and set options. 

b.  Under Selected Components, click 

Calculate. 

The detected interferences are listed under 

Results. The volume of each interference 

appears to the right of each listing. 

Under Results, you can: 

- Select an interference to highlight it in 

red in the graphics area. 

- Expand interferences to display the 

names of the interfering components. 

- Right-click an interference and select 

Zoom to selection, to zoom to the 

interfering components in the graphics 

area. 

- Right-click an interference and select 

Ignore. 

The steps mentioned for beginning of 

Interference Detection are shown in figure 

5. 

The results of these operations on modeled 

assembly are shown in figure 6. 

 

 
Figure 5. Launching of Interference Detection feature 

 

The Interference Detection Results are 

presented in red - as shown in figure 6. In  

 

the left panel are shown two types of 

interferences: 
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- interference between the screw and the 

support plate, due to the fact that the screw 

presents a fillet of 1 mm radius and the 

hole in the plate is not chamfered; 

- interference between screw and nut in the 

thread zone. 

The first type of interference can be 

resolved by modifying the support plate.  

Thus the edge of the holes will be 

chamfered for 1x45
o
, as shown in figure 7.    

The second type of interference can be 

resolved by creating a Fasteners folder and 

selecting parts that acts like fasteners 

(nuts). 

The final result of these operations is 

shown in figure 8, where can be seen that 

the assembly presents No interferences. 

 

 

 

 

 
 

Figure 6. Interference Detection results 

 

 
 

Figure 7. Holes chamfered on support plate 
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Figure 8. No Interferences after modifications 

 

 

5. CONCLUSIONS  
 

As it was presented, SOLIDWORKS 

Interference Detection feature for 

assemblies identifies interferences between 

components, and helps to examine and 

evaluate those interferences. This feature is 

useful especially in complex assemblies, 

where it can be difficult to visually 

determine whether components interfere 

with each other.  

In this particular case presented in the 

paperwork it helps to correct geometry of 

component parts of assembly such as 

fitting be possible. 

By using the built-in features of 

SOLIDWORKS the possibilities for 

optimizing design are increased, so it can 

save time and money for a quite complex 

and consuming activity, such as 

CAD/CAM/ CAE/.  
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CONSIDERATION REGARDING TENSIONS IN A 

CONTACT 

 

Ștefan Ghimiși, Prof.dr.eng., Constantin Brâncuși University of Târgu Jiu 

 

 
ABSTRACT: The paper presents tension analysis for point-to-point contact. For this we have made a 

dimensionalization of the relations used in specialized literature, and based on these, we deduced the 

dependencies of the tensions of the various influence factors of the contact. In the study of contact we started 

from the quasi-static tension field determination by summing two determinations from the field of equations of 

the linear elasticity equation considering the limit conditions in the z = 0 plane of the semis pace z> 0 (The 

Hamilton Theory) 

 
KEY WORDS: tensions, contact, elasticity 

 

INTRODUCTION 
 

 The tension analysis in this paper 

takes into account a spherical-plan contact. 

For this we have made a 

dimensionalization of the relations used in 

specialized literature, and based on these, 

we deduced the dependencies of the 

tensions of the various influence factors of 

the contact. 

In the study of contact we started 

from the quasi-static tension field 

determination by summing two 

determinations from the field of equations 

of the linear elasticity equation considering 

the limit conditions in the z = 0 plane of 

the semis pace z> 0 (The Hamilton 

Theory): 

   arraaPppp xzzzyz  ,2/3;0
2/1223 (1) 

   arraaPppp zzxzyz  ,2/3;0
2/1223  (2) 

All tractions at z = 0 are canceled for r> a 

and all tensions quickly become zero when 

points move away from the origin . 

  1222 
 zyx . 

 In the (1) and (2) 

relations,   2/122 yxr  , a-represents the 

radius of the loading region,  P- the total 

normal load and μP is the total tangential 

force in the x-direction. 

  All these are necessary for 

determining the stresses field and writing 

for the state of the stresses given by the 

application of a point-like force (solutions 

of the Boussinesq and Cerutti semis) [1] by 

integrating over the entire plane z = 0, 

considering the boundary conditions (1) 

and (2). 

 This approach leads to a series of 

integrals hard to solve. However, this 

analysis can be approached by extending 

the tangential loaded semi space , a method 

introduced by A.E.Green for the analysis 

of voltages of a normally loaded semi 

space. [2], [3] 

As a result of this expansion, the cartesian 

components of the movements u, v, w 

depend on the harmonic voltage T (x, y, z): 

     zxTzzTxTu  232222 //2/22  (3.a) 

   zyxTzyxTv  //22 32    (3.b) 

    232 //212 zxTzzxTw      (3.c) 

  - represents the coefficient of 

friction, considered constant. 

 - Poisson's coefficient 

The field of equations from the 

linear theory of elasticity and the two limit 

conditions (1) and (2) are automatically 

satisfied. 

Taking T as an imaginary part of the 

complex harmonic function: 
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    (4) 

where: izz 1 and   2/122

11 rzR  ;  the 

plane z = 0 is automatically released by 

traction for r> a. 
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It remains to be shown that t () satisfies the 

last limit condition (1). 

At z = 0, for r <a, equations (3) and (4) 

involve: 

  




a

r

xz drtp 
2/122

    (5) 

So: 

   







a

xz drrrp
d

d
t







2/1222

    (6) 

For xzp  giving fot the third condition  

 (1),     32/3 aPt   

 

2. THE FIELD OF TENSIONS 

FOR SFER-PLAN CONTACT 

 
The determination of the field of 

voltages is thus done by an elementary 

quadrature following (3) and (4). 

Thus, by writing: 

iazz 2  

 and 

  2/122

22 rzR    tension components are 

conventionally expressed in terms of the 

imaginary part of complex functions: 
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The Cartesian components of the tension 

field generated by (1) have the imaginary 

parts:: 
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Along the axis z the tension component is: 
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On the surface, inside the contact area, z = 

0 and r <a, the voltage component will be: 
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and outside of the contact area: 
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where: 

    2/12222/122

0 arctan
2
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 (11.e) 

 

 Inside, respectively, outside the 

charged surface, the adimensioned pressure 

relationships can be written as follows: 

- For the inside of the loaded surface (z = 

0, r <1) of relations (3.10) taking into 

account the condition (1) results: 




 xp fyy
8

3
 ,            (12.a) 

 


  4
8

xp fxx              (12.b) 
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  2
8

yp fxy
             (12.c) 

0 fzzfyz pp               (12.d) 

with:   2/122 xry   

The graphical representation of 

these pressures is given in Fig.1, Fig.2 and 

Fig.3 for a coefficient of friction  = 0.6. 

[4,5] 

It can be observed that the pressure xxp   

has the highest values; respectively a 

restricted area distribution for pressure xyp  

For a coefficient of friction  = 0.8 

the pressure representations within the 

loaded surface are given in fig. 4, fig. 5, 

fig.6 

 

 
Fig.1.Dependence of pressure  ,, jiyy rxp  

( ixi 1.00  , jrj 1.00  ,i=0..30,j=1..9) 

 
Fig.2. Dependence of pressure 

xxp  ,, ji rx  

( ixi 1.00 , jrj 1.00 ,i=0..30,j=1..9) 
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Fig.3. Dependence of pressure xyp  ,, ji rx        

( ixi 1.00 , jrj 1.00 ,i=0..30,j=1..9) 
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Fig.4. Dependence of pressure  ,, jiyy rxp  

( ixi 1.00 , jrj 1.00 ,i=0..30,j=1..9) 
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Fig.5. Dependence of pressure xxp  ,, ji rx  

( ixi 1.00 , jrj 1.00 ,i=0..30,j=1..9) 
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Fig.6. Dependence of pressure 

xyp  ,, ji rx  

ixi 1.00 , jrj 1.00 ,i=0..30,j=1..9) 

- For the  zone from the outside 

loaded surface (z = 0, r> 1) of the relations 

(11) and taking into account the condition 

(1), it results: 
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The graphical representation of these 

pressures is given in Fig. 7, Fig. 8, Fig. 9 

for  a coefficient of friction  = 0.6. Note 

that pressures in the outside zone of the 

loaded area are higher than the 

pressure xxep . 

For a coefficient of friction  = 0,8 

the pressure representations in the outside  

area of  the loaded surface are given in fig. 

10, fig.11, fig.12. [6,7]. 
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Fig.7. Dependence of pressure 

xxep  ,, ji rx  

( ixi 1.00 , jrj 1.01 ,i=0..30,j=1..10) 
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Fig.8. yyep  ,, ji rx  

( ixi 1.00 , jrj 1.01 ,i=0..30,j=1..10) 
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Fig.9 . Dependence of pressure 

xyep  ,, ji rx  

( ixi 1.00 , jrj 1.01 ,i=0..30,j=1..10) 
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 Fig.10 Dependence of pressure 

xxep  ,, ji rx  

( ixi 1.00 , jrj 1.01 ,i=0..30,j=1..10) 
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Fig.11. Dependence of pressure 

yyep  ,, ji rx  

( ixi 1.00 , jrj 1.01 ,i=0..30, 

,j=1..10) 
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Fig.12.Dependence of pressure 

xyep  ,, ji rx  

( ixi 1.00 , jrj 1.01 ,i=0..30,j=1..10) 

 

3. CONCLUSIONS 
 

Determination of the stresses inside 

and outside the loaded surface allows for 

an adequate analysis of the contacts with a 

plan plane taking into account a coefficient 

of friction between surfaces. 

The analysis allows the representation and 

determination of pressures for the 

considered contact. 
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ABSTRACT—The present paper presents the development of an experimental model for cooling 

microprocessors with automatic control of the thermodynamic parameters of micro channel heat exchangers. In 

view of determining the efficiency of the microprocessor cooling system two specialized software programs 

were used, one to measure the thermal parameters of  the laser pyrometer type OPTRIS TEMPERATURA and a 

software for determining the operating parameters of the computer, type EVEREST. 

 
KEYWORDS— microprocessor, heat exchanger, micro channel, temperature  

 

 

 

 

1. Introduction  

 For analysis we developed a testing 

bench especially designed within the 

Thermal Techniques Laboratory in the 

Faculty of Mechanics of the University of 

Craiova.   

 The installation model used for 

determining the operating efficiency of 

micro heat exchangers was developed by 

using a computerised calculation system 

consisting of a motherboard (materbord), a 

hard disk data stocking unit, a CD reading 

and writable unit, a power supply source for 

feeding the motherboard and data input and 

output data units: digital desktop, keyboard, 

mouse, laser printer, a power supply source 

for feeding the motherboard and data input 

and output data units: digital desktop, 

keyboard, mouse, laser printer advantages of 

water are:  

  - a high heat transfer coefficient (regular 

over 1000 KmW 2/ ); 

 - can be transported on relatively long 

distances (kilometres); 

-  large latent vaporization heat; 

- high specific heat; 

- it is readily available in nature and can be 

procured at a low cost; 

- allows for an easy adjustment in terms of 

quantity and quality; 

- thermal insulated transportation pipes 

ensure low levels of heat loss (1 KmK / ); 

2. The testing bench 

For analysis we developed a testing 

bench especially designed within the 

Thermal Techniques Laboratory in the 

Faculty of Mechanics of the University of 

Craiova.   

 The installation model used for 

determining the operating efficiency of 

micro heat exchangers was developed by 

using a computerised calculation system 

consisting of a motherboard (materbord), a 

hard disk data stocking unit, a CD reading 

and writable unit, a power supply source for 

feeding the motherboard and data input and 

output data units: digital desktop, keyboard, 

mouse, laser printer. The cooling system 

produced by THERMALTAKE, model PW 

850i consists of the heat exchanger with 

micro channels from material: aluminium, 

sizes: 120(L) x120(l) x25(H), coupled with a 

variable speed ventilator 1300-2400 RPM. 

The liquid pump and its stocking tanks P500, 

the control model of Tx flow, to determine if 

the liquid is on the move inside the pipe 

system, the cooling block made of copper 

meant for positioning on the outer side of the 

mailto:ginaribu@yahoo.com
mailto:cernaianu_corina@yahoo.com
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microprocessor (CPU) and the linking pipes 

between them, made of plastic hoses.  

The cooling system has been attached to the 

microprocessor on the motherboard and 

connected to the computer‘s power source 

being supplied at 12 Vc.c. In view of 

determining certain operating parameters of 

the heat exchanger the cooling system was 

also equipped with the following elements:   

-two digital thermometers type module AD-

TERMo4 with transducer (sensor) type dig. 

thermometer -25/+100C; 

 

 

 

 

Fig. 1. Diagram of the experimental microprocessor cooling installation 

- a transducer for determining the pressure 

drop from the entry and the exit of the 

cooling agent in the heat exchanger 

composed of a U tube inside which is the 

same cooling liquid as in an equilibrium 

pause, that is visible on the gradations 

inscribed on a graph paper support. The drop 

in pressure is taken from the entry and exit 

circuits from the heat exchanger through two 

rivets and two pairs of plastic hoses. In view 

of changing the flow of the fluid recirculated 

by the pump in the cooling circuit, in the 

electric circuit of the installation, a wound 

voltage potentiometer that allows for 

adjustment of the voltage supply of 

hydraulic pump and also of the speed and 

therefore of the fluid flow.  

In view of establishing varied regimens of 

the cooling system of the heat exchanger 

consisting on a fan coupled with it allows for 

a potentiometer of air flow. In view of 

determining the efficiency of the heat 

exchanger with micro channels the 

temperature of the air transmitted by the fan 

on the useful area of the exchanger, we 

measured the temperature of the air 

transmitted by the fan on the useful area of 

the exchanger in nine different points with 

the use of an electronic pyrometer with laser 

beam type OPTRIS LS.  In order to 

determine the flow speed and therefore the 
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flow of the recirculated cooling liquid in the 

installation we used a speed measuring 

system to measure the speed of the fans of 

the rotor pertaining to the flow measuring 

module, consisting of a stroboscopic lamp 

and the measuring device type 

STROBOSCOP N2601. In the schematic 

representation of the experimental system for 

cooling the microprocessor we noted:  

1-digital thermometer T1; 2-pressure tube U; 

3- digital thermometer T2; 4-plastic tube for 

recirculating the cooled liquid;  

5- flow control module; 6-temperature probe 

T1 for measuring the temperature of the 

cooled liquid;  

7-liquid tank; 8-hydraulic pump; 9- on-off 

button; 10-potentiometer for the adjustment 

of the flow of the hydraulic pump; 11-

ventilator for the cooling of the radiator;  

12-aluminium radiator for cooling the 

cooling agent; 13-potentiometer for 

adjusting the speed of the ventilator;  

14-the temperature probe T2 for measuring 

the temperature of warm liquid;  

15-clamping fitting; 16-source (tester) for 

the supply of the cooling system;  

17-keyboard; 18-mouse; 19- microprocessor 

cooling block CPU Water Block;  

20- motherboard with CPU 

(microprocessor); 21-CD rom; 22-hard disk; 

23-source for the supply of the motherboard;  

24- digital monitor; 25-cooling installation 

support board; 26- Laser printer; 27- Laser 

pyrometer.
 

 

 

 

3. Process stages for determining 

the characteristics of the micro heat 

exchanger  
 

Installation preparation stage 
1. We calibrated the electronic 

thermometers in order to determine 
the entry temperature in T1 
exchanger (the heated fluid) and the 
exit temperature from the exchanger 
(the cooled fluid). 

2. We reset the balance of the fluid in 
order to determine the pressure drop 
in the U glass tube; 

3. We determined, by activating the 
potentiometer, the cooling speed of 
the micro heat exchanger with the fan 
using (speed is changed);  

4. We adjusted the speed of the pump 
with the use of the adjustment 
potentiometer 

5. We assembled the laser pyrometer on 
a magnetic support with adjustable 
arm so as to have the laser beam 
measure the temperature on the 

surface of the radiator in the desired 
measuring point;  

6. We turned on the computer system 
and with it the software programs 
meant to measure, record and store 
data;  

7. We measured the speed of the air 
sent by the exchange surface with the 
anemometer type KIMO VT 200. 

 

The stages of measurements 

In view of measuring and recording we used 

the manual recording of data (the value of 

the fan speed of the rotor pertaining to the 

flow measuring module read with the help of 

the stroboscope) the value of the outside 

temperature, the value of the imbalance of 

the liquid in the U tube corresponding to the 

drop in pressure), as well as the automatic 

recording on computer with the help of two 

specialized software programs, one for 

measuring the thermal parameters of the 

laser pyrometer, type OPTRIS 

TEMPERATURA and a  software for 

determining the operating parameters of the 

EVEREST type computer.  
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The software used for the measurement of 

the parameters sent by the laser pyrometer 

measures both the temperature outside the 

exchanger and the T1, entry temperature in 

the exchanger with the use of a probe 

coupled to this pyrometer. The measurement 

diagram for this software is presented in figure 

2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 

 

 

 

 

 

 

 

 

Fig2. The measuring diagram for the speed of the ventilator and the temperature of the microprocessor 
 

 

EVEREST program allows for both the 

measurement of instantaneous speed, of the 

cooling fun of the micro heat exchanger, of the 

microprocessor temperature and the possibility 

of forcing the operation of the microprocessor up 

to 100 %, in which case it heats up to very high 

values so that the temperature of the 

microprocessor is taken over by the copper 

cooling block and transmitted into the cooling 

system and recoFor the actual accomplishment 

of the measures the following stages shall be 

followed: 

1. EVEREST program is turned on, selecting 

from its menu the possibility of forcing the 

microprocessor at its maximum value;  

2. The graphic recording system of the increase 

of the temperature released on the surface of the 

microprocessor is turned on;  

3. The graphic system for the recording of the 

temperature variation measured with the laser 

beam pyrometer of the OPTRIS 

TEMPERATURA software is turned on; 

With the help of the software allowing for the 

measurement of the parameters sent by the laser 

pyrometer we measured both the temperature on 

the outside of the exchanger as well as the entry 

temperature T1, in the exchanger with the use of 

a probe coupled to this pyrometer/ the results 

obtained are represented with the help of the 

diagrammed in the presented diagrams.  

4. Upon reaching the maximum admissible 

temperature on the surface of the microprocessor 

with the cooling system turned off, the former is 

turned on, followed by the recording of the 

actual cooling stage with use of the heat 

exchanger with micro channels;  

5. At the end of the cooling stage the values 

measured are stocked as well as the diagrams 

resulted and measured with the above mentioned 

software programs.  
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6. Is shut down, through Everest software by 

forcing the microprocessor and a new regime is 

set and the measuring stages are repeated.  

 

 
Fig. 3 Variation of the cooling temperature of the 

exchanger, point A and temperature T1, 

 

In view of determining the efficiency of the 

cooling system of the microprocessor the 

temperature of the air transmitted by the fan on 

the useful surface of the exchanger was 

measured in nine different points with the use of 

an electronic pyrometer with laser beam type 

OPTRIS LS. 

 

Fig.4 Temperature in the measurement points on 

the micro-channel exchanger 

  

 Initial data: 

- Environment temperature: 24 
0
C; 

- Ventilator entry temperature T1,  
0
C; 

- Ventilator exit temperature T2, 
0
C; 

- Level difference in U tube, ∆p: 22mm 

column H2O; 

- The speed of the cooling pump: npump= 

13r/s; 

Speed of the ventilator: 2540 rpm. 

 

   TABLE I. Experimental data 

Nr 

crt 

Speed 

of the 

Fun 

rpm 

Speed 

of the 

pump 

rpm 

Temperature 

of the 

processors 
0 
C 

Temperature in the measurement points on the micro-

channel exchanger, 
0
C 

A B C D E F G H I 

 

1 2540 13 70 34,4 35,5 35,4 34,4 38,3 37,9 33,4 37,5 40,1 

2 15 70 34,8 38,6 36,0 34,8 37,5 38,3 33,6 38,1 38,7 

3 20 70 35,4 35,4 37,9 35,5 38,3 38,5 33,2 40,6 39,0 

4 24 70 35,2 37,2 37,6 36,0 38,5 37,5 34,7 39,6 38,6 

5 28 70 34,3 37,6 36,5 35,2 38,0 38,1 34,0 38,5 38,7 

6 31 70 36,0 37,8 36,5 35,3 38,4 38,5 34,2 38,7 39,2 
 

4. THE AUTOMATIC CONTROL OF 

THE THERMOS-DYNAMIC 

PARAMETERS 

 

Among the most intense researches made 

during the last decades worldwide are those 

in the field of micro-processors. Keeping an 

optimum operating temperature supposes the 

existence of highly performant heat changes 

with small dimensions.  

 

Taking over of the heat is accomplished 

with fluids with a high mass and caloric 

capacity. One of them is the water treated 

and softened water to avoid the depositing of 

salt on the areas of the heat exchangers. 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 5 The liquid flowing system: the blue 

arrow indicates the circulation of cold water 

and the red arrow indicates the heat about to 

be transferred. 
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Calculation reports:  

In the hypothesis of the counter current flow 

of fluids:  

 

minmax , tt 
- Difference between the 

maximum temperatures respectively the 

minimum difference between the two fluids. 

 

 

Fig.6 Variation diagram of the temperature 

for the flow of the fluids in counter-current: 

 

''

'" '

au

aa

tt

tt
P






;  
'''

'''

aa

uu

tt

tt
R






  (1) 

min

max

minmax

ln
t

t

tt
t

ccm








  (2) 

 

5. CONCLUSIONS 

1. The temperature measured in the points on 

the surface of the exchanger in points A, B, 

..., I varies in the measured points and the 

speed of the air blown by the fan on the 

surface of the microchannel heat exchanger 

variates with it, the speed being comprised 

between 0, 1 m/s and 0, 7 m/s for 1318 rpm 

the fan speed (first regime) . 

2. We notice that the temperature measured 

by the T1 probe increases proportionally 

with the decrease of temperature following 

the cooling process, by passing the fluid 

taken over from the microprocessor and 

passing it through the heat exchanger.  

3. Through the trials performed we 

highlighted a close connection between the 

diameter of the fluid flowing section and the 

efficiency of the heat exchangers. From the 

diagrams and tables presented in the paper 

we notice a significant influence that the 

hydraulic dimension characteristic of the 

flowing section. The parameters of the trial 

regimes have been chosen so as to highlight 

the influences of speed and the flowing 

section. 
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DETERMINATION OF FUNCTIONING LOADS AND IN THE CASE OF 

THE APPLICATION OF THE SAFETY BRAKE TRANSMITTED TO 

THE TOWER OF THE HOISTING INSTALLATION „PROCOP 

SHAFT― MINING PLANT VULCAN 

 

Răzvan Bogdan Itu, PhD, Eng., Assoc. Lecturer, University of Petroșani,  

Vilhelm Itu, PhD, Eng, Lecturer, University of Petroşani 

 
ABSTRACT: On the extracting installations on which the extracting machines is on the ground, having as a 

wrapping organ double pulleys or a moving wheel the variation of the loads transmitted to the towers of the 

installations is determined not only by the kinematics and the dynamic of the installation but also by certain 

geometrical elements which define the position of the machine towards the well, geometrical elements that refer 

only to these types of installations.  

In the paper there are presented a few concerns about the way the variation of functional loads is influenced by 

the cinematic and dynamic parameters of the movement of the well vessels during the extraction but also by 

certain geometrical elements which define the position of the machine towards the well, geometrical elements 

that refer only to these types of installations. 

The total resulting load its max value depending on the specific existent conditions for each case, and for 

different positions of the extracting vessels.  

As an example for the concerns in working loads and case of aplications of the safety brake there have been 

taken into study the following installation: „Procop Shaft― Mining Plant Vulcan. 

 

KEY WORDS: Functioning loads, Extracting installation. 

 

 

1. INTRODUCTION 
 

In the case of the extracting installations 

which have the extracting machine on the 

ground, having as a wrapping organ of the 

cables double cylindrical wheels, or a 

moving wheel the variation of the loads is 

determined not only by the kinematics of 

the installation (kinematics parameters), 

ther dynamic (friction and inertia forces), 

but also by certain geometrical elements 

which define the position of the extracting 

machine towards the well geometrical 

elements that refer only to these type of 

installations. 

These geometrical elements are the incline 

angles of the existing cable chords both at 

the double and the single wheel 

installations and the lateral deviation 

angles (exterior interior deviating angle) 

and are to be found only at the double 

wheel installations because the cable chord 

deviates from the central position in two 

directions (towards the inner edge or the 

outer edge) during the wrapping or  

 

unwrapping of the cable on the surface of 

the wheel. 

These aspects were showed on the 

installation „Procop Shaft― Vulcan Mining 

Plant (fig.1). The installation taken into 

study has benn described as follows.  

 

2. THE INSTALLATION TAKEN 

INTO STUDY 

 

The extracting installation which works on 

Procop Shaft, from Vulcan Mining Plant, 

which is devoted [3] for the underground 

supply with materials and tools as well as 

for transporting personal among levels 500 

and 817 (the surface level being 817). 
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            Figure 1. Extracting installation 

,, Procop Shaft― Vulcan 

                       

 
Figure 2. Extracting machine 

type SKODA 2600800 
 

 

 

                   Figure 3. Reducer gear                                

 
Figure 4. Extracting pulley 

 
                                                  

 
Figure 6. Fixed wheel 

 

 

Figure 5. Wrapping organ         
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The extracting installation that supplies the 

well (fig. 1) is unbalanced and has a 

hoisting machine type SKODA 2600 800 

(fig. 2) equipped with two asynchronous 

motors type MAF, of 130 kW power and a 

nominal rpm of 585 rpm. 

The gear reducer of the machine is of type 

TD-170 having the gear ratio of 25,2 (fig. 

3). 

The extracting ropes with diameters of Φ 

25 mm and a mass (on a linear meter) of 

2,287 kg/m on the left branch (from the 

extracting machine to the well) and Φ 25 

mm and a mass 2,287 kg/m on the right 

branch are wrapped around the two 

extracting pulleys of Φ 2500 mm with a 

mass (the pulley, the axle of the pulley and 

the bearing of the axle) of 1850 kg (fig. 4), 

laying on the tower (fig. 8) at heights of 

.13,11 m (pulley axle). 

The ropes (fig. 5) are wrapped in two 

layers on each of the two drums of the 

machine, from which one is fixed (fig. 6) 

and one is mobile and which are hooked at 

one end by the exterior end (side) of them. 

The concrete made tower with a height 

until the pulley axle of 34.4 m. The 

structure of the tower is composed of the 

extracting pulley platform (fig.4) sustained 

by the leading component (fig. 5) and the 

abutment (fig 6). 

The extracting machine lies on the ground 

(at a height of 2,8 m to the 0 level of the 

well (well collar), sideways from the tower 

(well tower), at a distance (of the wheel 

axle), towards the vertical portion of the 

extracting ropes which enter the well of 

27,32 m.  

The length of the rope chord (the distance 

between the tangent points of the rope to 

the deviating pulley from the tower and 

the wheel of the extracting machine, in the 

central position of the chord 

(perpendicular on the wheel axle)), is for 

the left branch Lcs = 37,62 m, and Lcd = 

44,89 m for the right branch.  

The slope angles of the ropes chords are s 

= 53
0
 47

‘
 04‖ for the left branch and d = 

49
0
 39

‘ 
36‖, for the right branch, and the 

deviating angles (which are formed in the 

limit positions of the rope chord towards 

the interior side(interior angle) or exterior 

(exterior angle) of the wheel, over the 

central position of the chord) are: αe st 

=19
‘
29

‘‘
 and  αi st=0 for the left branch and 

αedr=31
‘
53

‘‘ 
and 

 
αi dr=0 for the right 

branch. 

 

3. LOADS TRANSMITTED TO 

THE TOWER 

 

Considering the elevator leaving the 

horizon 500 until it reaches the surface 

ramp (817 horizon) it has been taken into 

study the case of personal transport 

entering the underground when the left 

elevator full of personal is descending on 

the right wing (case 1), the right elevator is 

descending on the right wing (case.2) and 

in the case of the application of the safety 

brake (case 3 and case 4). 

The kinematics elements for the cases 

taken into analysis are presented in figure 

7, 8, 11 and 12. 
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     Figure 7. Kinematic elements for case 1          
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Figure 8. Kinematic elements for case 2 
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 Figure 9. Deviating angles for case 1 fig. 7 
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Figure 10. Deviating angles for case 2 fig. 
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 Figure 11. Kinematic elements for case 3 
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   Figure 12. Kinematic elements for case 4 
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Figure 13. Deviating angles for case 3 fig 

11 
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Figure 14. Deviating angles for case 4 fig 

12 

 

 

In the calculation of loads it has been used 

the d‘Alembert [1] principle decomposing 

the efforts from the cable chords, in their 

touch points on the pulleys into 

components on three perpendicular 

directions which correspond to the axis 

system chosen in the discretisation of the 

structure of the tower of the installation.  

The components of the efforts from the 

cable chords variate both because of the 

incline angles of the chords but also 

because of the deviation angles[2] of them 

(fig.9,10, 13 and 14). 

The variation the loads on the entire tower 

for each case taken into study is presented 

in figure 15, 16, 17 and 18. 
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Figure 15. Total loads when the elevator        
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    Figure 16. Total loads when the elevator 

left climbing , right descending case 1            

left descending, right climbing, case 2 
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Figure 17. Total loads for case 3   
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           Figure 18. Total loads for case 4 
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4. CONCLUSIONS 
 

In the paper there are presented aspects 

concerning the influence of kinematic 

elements and geometric elements that 

define the position of the extracting 

machine towards the well, in establishing 

short term permanent loads, due to the 

extracting cycle which are transmitted to 

the extracting towers. The variation of 

loads is given both by kinematic 

parameters but also by geometric 

parameters of the extracting installation. 

The kinematic parameters are also 

influenced by the extracting depth, and the 

distance between horizonts this having 

repercursions upon the maximum speed 

and the periods of acceleration and 

retardation. Also the variation of the 

functioning loads influenced by the type of 

wrapping organs of the extracting cables. 

The wrappings of the extracting cables 

when the wrapping organ is a double 

wheel can be on one layer or two layers 

depending on the type of the extracting 

machine, of the diameter and the width of 

the wheel. 

The maximum determined values of the 

loads are used further on for the 

determination through numerical 

calculations of the values of strains and 

stress from the structure of the extracting 

towers in order to establish the 

measurements points to verify through 

measurements the calculations done 

numerically with the help of experimental 

measurements in order to check their 

resistance. Following these results there 

can be obtained certain necessary 

informations in order to improve the 

maintenance of the extracting installations, 

to improve the current supply system and 

reparations to this category of machinery. 
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THE PRACTICAL APPLICATION OF UNSYMMETRICAL BENDING 
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ROMANIA,  

  

 

 
ABSTRACT:  In practice, exist particular cases of unsymmetrical bending such as includes corners, rectangular 

sections, sections of laminated profiles, or sections with moment of inertia axial equal to all central directions 

(circular section, square etc). We considered  a beam in the form of angle with equal wings subjected to 

unsymmetrical bending. In this experiment it can be verified the displacement relations for unsymmetrical 

bending. Comparing the theoretical results with the practical results we can observe that the differences between 

them are not so segnificant.  

 

 
KEY WORDS: asymmetrical bending, a cornered steel beam, experimental test stand 

 

 

1. INTRODUCTION  
 

In the practical activity, exist particular 

cases of unsymmetrical bending such as 

includes corners, rectangular sections, 

sections of laminated profiles, or sections 

with moment of inertia axial equal to all 

central directions (circular section, square 

etc) [1]. We considered  a beam in the 

form of angle with egal wings subjected 

to asymmetrical bending (fig.1), and 

verify relations for the displacement 

calcul [2]. This angle with egal wings are 

two main axis of inertia: the symmetry 

axis  and the axis . If   is the angle 

between the y-axis, and the force P and the 

-axis, the two components of the 

maximum bending moment are: 

 









coscos

sinsin

PlMM

PlMM




                     (1) 

 

The displacement of the end of beam after 

to the main directions are: 
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The resulting displacement f is: 

 

22

 fff                                      (3) 

 

and the angle   between the  and the 

resulting axis, is with the relation: 






f

f
tg                                          (4) 

 

2. EXPERIMENTAL PART 
 

Experimentally, a cornered steel beam 

with equal wings is used, recessed at one 

end and loaded on the free end that can be 

rotated, and the horizontal (w) and vertical 

(v) displacements can be measured by 

means of dial comparators. 
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The resulting displacement f is given by:  

 

22 wvf                                   (5) 

 

- horizontal  displacements - w 
- vertical displacements – v 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

           Figure 1. The angle with equal wings 

 

 

 

The angle between the displacement 

resultant and the vertical is determined 

with the relation:  

 

v

w
tg                                          (6)                    

 

                               (7) 

 

In order to get the best results, it is very 

important to know the measurement and 

control devices as well as their use. An 

important problem is to ensure quality in 

any field and therefore also in the 

unsymmetrical bending attempt. 

The experimental test stand is presenting 

in fig. 6 and contains [2]: indicator dial 

(1), embeadded beam (2) traverse test 

specimen (3), comparator (4), taler for 

forces (5). Rotate the specimen until 

division 0 on quadrant 1 reaches the mark.  

Note the indications of the quadrant 

comparators 4, load the taler for forces, 5 

with a weight P and read the comparator 

directions again. 

The difference between the readings when 

the load is applied (w0 and v0) and the 

readings when the tray is not loaded (w0 

and v0) represent the horizontal or vertical 

displacements: 

 

0

0

vvv

www

P

P




                                  (8) 

 

 

Unload the taller, rotate the disk by 45, 

until to perform a complete rotation of the 

disc, and repeat the measurements. 

The read sizes are placed in the table 1. 
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 With relation 2 calculate the 

displacements f  and f  and the resultant 

displacement f with the relations (3) and 

(5) and compare the results.  

For a beam in the form of angle with equal 

wings subjected to asymmetrical bending: 

 

 L 20x20x3:    I=0,61 cm
4
; I=0,16 cm

4
 

  

 L 25x25x4:    I=1,16 cm
4
; I=0,43 cm

 
 

 
 

 

Figure 2. The experimental test stand for unsymmetrical bending 

  Indicator dial (1), embeadded beam (2) traverse test specimen (3),  

comparator (4), taler for forces (5). 

 

Table 1. 

Current 

number 

Force 

F [N] 
Angles [] Displacement (cambers)  -  [mm] 

calculated measured 

   f f f v w f 

1  0         

2 45         

3 90         

4 13

5 

        

5 18

0 

        

 

 

The results of the measurements are given 

in the table number 1 from above.  

It can be done a comparison between the 

calculated displacement and the measured 

displacement.  
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This is an important determination because 

of the dates obtained in this way.  

The beam for studying is fixed at one end 

in a way that the rotation intervals can be 

given and clamped such that the principal 

axis of its cross-section may be inclined at 

any angle with the horizontal and vertical 

planes.  

Also this experiment allows to apply 

vertical loads at the free end of the 

cantilever and to measure horizontal and 

vertical deflections of  

the free end of the beam.This experiment 

can be done using different steel material 

for the beams obtaining different 

displacements. 

 

 

CONCLUSIONS 
 

In practice, exist particular cases of 

unsymmetrical bending such as includes 

corners, rectangular sections, sections of 

laminated profiles, or sections with 

moment of inertia axial equal to all central 

directions (circular section, square etc). 

With this kind of experiments we can 

determine horizontal and vertical 

deflection of different asymmetrical 

sections at various angles. 

Also is possible to determine the horizontal 

and vertical deflection of different 

asymmetrical sections under various loads. 

The results of the experiments show the 

relationship between the vertical and 

horizontal deflections and the principal 

moments of area of each section;  

Other important conclusion is that the 

shear center of various asymmetrical 

sections can be revealed after there are 

obtained the results and compare with the 

theoretical results.  

The differences between them are not so 

significant. 

In order to get the best results, it is very 

important to know the measurement and 

control devices as well as their use. 
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ABSTRACT:  The unsymmetrical bending is produced in a beam when the applied loads are not all in the main 

inertia plane, and the bending moment vector acting perpendicularly to the plane of forces does not act on the main 

axis of inertia of the cross section of the beam.  

 
KEY WORDS: Unsymmetrical bending, displacement, external forces, beam, bending moment 

 

1. INTRODUCTION  
 

If in the section of a bar it acts only one of 

the N, T, Mi, Mr, is produced a simple 

request of the section:   stretching, 

shearing, bending or twisting. 

Compound requests can be classified two 

large groups: stresses that produce in the 

cross section only normal stress ζ, the 

material being in monoaxial state of 

tension and requests which simultaneously 

produce normal tension ζ and tangential 

tension η, when the material is in a flat 

state of  tension [1]. 

In the first group of composite stresses, we 

meet the bending with stretching or 

compression request and the 

unsymmetrical bending request.  

The stress calculation for these cases is 

reduced to determining the maximum  

cross-sectional tension and comparing it 

with the admissible proof. 

 

2. EXPERIMENTAL RESULTS 
 

Unsymmetrical bending 

The simple bending test of the beam 

implies that all external forces act in a 

longitudinal symmetry plane of the beam, 

and if this plane is missing, they act in a 

plane containing one of the main inertial 

center axes (fig.1). 

The bending moment perpendicular to the 

plane of the forces is guided by a main 

axis Oz, which is the neutral axis of the 

section. Often flat bending conditions are 

not met [1]. 

 

 

 

 

 

 

 
 

Figure 1. Bending plane test 
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The plan of the external forces that load 

the bar does
`
t contain a main axis of inertia 

of the section, and the bending moment 

does`t coincide with any of the main 

inertia axes [1]. In this case, the beam is  

required at unsymmetrical bending (fig. 2). 

 

 

                                             
 

Figure 2. Unsymmetrical bending test 

 

In the unsymmetrical bending, all external 

forces act in a longitudinal plane that 

makes an angle α with one of the central 

 

 

 

axes and in a cross section, a bending 

moment Mi acts, which is not oriented to 

any of the main inertial directions of the 

section (fig. 3). 

 

 

Fig.3. Orientation of the moment of unsymmetrical bending test 

 

In this case, bending moment Mi is 

inclined with the angle α relative to the 

main central axis Oz. 

The oblique moment M decomposes after 

two axes in: 

cos iz MM ;    sin iy MM        (1) 
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Figure 4. Unsymmetrical bending reported to the central inertia axes 

 

 

Consider the current section of a beam 

required at unsymmetrical bending 

reported to the central inertia axes of Oz 

and Oy (fig.4).  

In the case of  unsymmetrical bending, the  

diagram of the moment  forces is plotted in 

a single plane, the bending moment 

forming with the main inertia axis the 

same angle as the plane of the forces with 

the other main axis of inertia [1]. 

At a point P (z, y) of the cross section each 

component of the bending moment 

produces a normal tension after Navier's 

relationship: 

 

  
z

z

I

yM 
'    ;   

Iy

zM y 
"             (2) 

The minus sign introduced into the 

expression of tension is due to the fact that 

in accordance with the meaning of the two  

vectors My and Mz while My produces in 

the first quadrant of the tensile stresses 

axes, Mz will produce compressive 

stresses.  

The total tension at the current point P will 

be:  
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For ζ=0 we get the equation of a straight 

line passing through the center of the axes 

of the system, the right axis representing 

the neutral axis. 

  The angle β of inclination to the Oz axis 

of this line is given by: 

 

 tg
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I

dz
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tg

y

z

z

y

y

z              (4) 

 

It observe that β≠α, the neutral axis 

generally does not coincide with the 

direction of the bending moment vector 

Mi. For Iz> Iy is obtained β>α. 

The tension of a certain point P can also be 

expressed according to the distance η of 

this point to the neutral axis (fig.4). 

For this, the z and y coordinates of the 

point are expressed by the coordinates ξ 

and η in a reference system rotated with 

the angle β: 

 

 sincos z                         (5) 

 cossin y   

 

Substituting in these relationships: 
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and then replacing in relation (3) will 

result: 
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According to the relation (7), the total 

tension ζ is proportional to the distance η 

of the point where it is calculated, up to 

the neutral axis; the highest stress appears 

at the point furthest from the neutral axis: 

 

max
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If this point is A and has the coordinates zA 

and yA then it is obtained: 

z
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The resistance condition for the beam 

required at oblique bending will be: 
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The relationship (10) is especially used for 

verification calculations. It contains many 

unknown values and a series of 

relationships between these sizes are 

introduced for dimensioning. 

The resistance condition does't turn into a 

dimensional formula for any section. This 

section can only be verify; the section is 

admited and the resistance condition 

checked [6]. 

0,95σa≤ | σmax ef |≤1,02 σa                    (11) 

  

3. CONCLUSION 

 
The unsymmetrical bending is produced in 

a beam when the applied loads are not all in 

the main inertia plane, and the bending 

moment.  

The unsymmetrical bending meets the to 

resistance elements required by forces 

whose planes pass through the geometric 

axis, or the forces are in the planes 

perpendicular  to the plane passing 

through the axis geometry of the beams. 

For the two main directions of inertia (Oz 

and Oy), in the case of oblique bending, 

the moment of bending Mi decomposes in 

two components oriented along the main 

inertial directions, resulting Miz, 

respectively Miy. 

The resistance condition does't turn into a 

dimensional formula for any section. This 

section can only be verify; the section is 

admited and the resistance condition 

checked. 
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Abstract: The machine has expired lifetime and current physical condition is characterized by the existence of 

significant structural degradation which in turn can affect the functionality and safety of personnel working in this 

machine. 

The rehabilitation to which the machine will be subjected through the execution of the intervention works will 

lead to the return to the normal operating parameters of both the structural part and the functional part. 

 

Keywords: equipment, coal, rehabilitation, interventions 

 

 

1. INTRODUCTION. 

DESCRIPTION OF THE 

INVESTMENT 
The existing situation of the 

investment objective 

The normal life of the coal extraction 

machine M4 A has expired in 1998. 

a) Technical data of the machine: 

Type : The coal extraction 

machine 2846 -79 

  Manufacturer : UM 

Timişoara  

Year of manufacture: 1982 

b) Functional description of the 

machine:  

The coal extraction machine, M4A, 

from the warehouse serves the solid fuel 

storage facility of the Rovinari Thermal 

Power Plant. From the constructive point of 

view, the coal-mining machine is a lattice-

like metal structure that moves on the  

railways. 

 

The machine tool, the cup wheel, is 

located at the end of the pickup arm. The 

pickup arm can perform a rotation movement 

relative to the axis of the undermachineriage 

and lift movement - down.  

The excavated (removed) coal from the 

wheelhouse depot is deposited, via the 

conveyor, on the stationary conveyor from 

the ground. 

The power supply is made by cables, 

which, in the machine translation motion, 

wind up on the power supply cable drum. 

The M4A charcoal, initially with a 31.5 

m (now 30.7) arm and an average hourly 

capacity of 1200 t / h (originally projected 

1300 t / h), was manufactured in 1980-1981 

by UM Timisoara, for the Anina thermal 

power plant and relocated to the 

thermoelectric plant in Rovinari. 

 

 
Fig.1 m4a Coal extraction machine 
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c) Constructive description of the M4A coal extraction machine 

General features of excavated and loaded material 

Material taken from the stack of the warehouse Lignite balls 

Average guaranteed shipping capacity 1 200 to/h 

The specific lignite weight 0,85 -0,9  to / m
3
 

Granulation of lignite 250 -400 mm 

Take-up depth under the targeting line of the rail 0,5 m 

Operating temperature -20 ÷ + 40 
o
C 

Maximum wind speed in service 20 m /sec. 

 

 

 

Features of the translation mechanism 

Rail track 7 000 mm  

Number of support wheels; from which 16 

          - Number of engine wheels   6 

Diametro rotate on the rack 800 mm 

Type of rail running CF 49 (longrine) SR ISO 2953 

Translation speed 18 m / min. 

Power of electric motors 6 buc x 7,5 kW = 45kW 

Speed of electric motors 750 rot./ min. 

Transmitter gear ratio i = 46,07 

Total transmission ratio iT = 99,51 

Diameter of the coupling with the brake disc 250 mm 

 

Brake 

The moment of braking 6 buc. x 11=66 kgfm 

Type of electro-hydraulic lift REH 32/50 C 

Active lift time 100 % 

Lock 

Clamp 

Number of clamps 4 

Kind of shareholders manual 

Strength developed by a rail clamp 4 to 

 

 

 

The technical-functional characteristics of the  bucket wheel drive mechanism 

Wheel diameter 6,5 m 

Number of cups 8 

Bucket capacity 550 l 

Number of spills / minute 50 

Power of the electric motor 110 kW 

Electric motor speed 1 500 rot./ min. 

Reducer transmission ratio i=230 

Hydraulic clutch transmission torque 122 kgfm 
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2.INTERVENTIONS WHICH HAVE 

BEEN LOCATED ON THE 

MACHINE 
Regarding the interventions that have 

taken place, from the information received 

from the coal deposit sector where a log of 

interventions is kept, we have the 

following data chronologically presented: 

• The shortening of the mounting wheel 

arm, and the adaptation of the excavation 

mechanism from the previous generation 

"T2052" in 1983, earlier this year was the 

cause of the PIF's delay in the previous 

year. 

• Intervention of the replacement of the 

fixed support "A" (produced after some 

unofficial information from IUM Tg-Jiu 

that was part of IPAMRCUM - the current 

GRIMEX) in 1991. 

• Replacement of the main oscillating 

beams and the spherical support in 2002 

due to water ingress from precipitation 

and freezing in winter, which led to 

deformation of the lateral walls. The new 

beam has no water drain holes.• Replacing 

the conveyor drive reducer with the ellipse 

belt in years; 1993, 2004 and 2009. 

• Replacement of the bearing from 

rotating the superstructure in 2002, after 

19 years of operation, up to 38 years of 

operation are two years and the bearing 

has gaming and signs of wear. 

• Replacement of the gearbox from the 

wheel arm lifting mechanism with the 

"CEHIA" two-headed "CEHIA" 

manufacturing plant in 2004. 

• Removing the wheel reducer in 2014 and 

replacing it with another one, repaired one 

year later in 2015. 

• The total number of operating hours of 

approx. 28,000 hours in the 34 years from 

the PIF with interruptions generated by the 

accidental repairs presented. 

 

 3.CONCLUSIONS: 

 The machine has an expired life 

span and the current physical state is  

    - The corrosion protection of the 

characterized by important characterized by 

important structural degradation which in time 

can affect the functionality and safety of the 

personnel serving the machine. 

 The rehabilitation to which the machine 

will be subjected through the execution of the 

intervention works will lead to the return to the 

normal operating parameters of both the 

structural part and the functional part. 

 After performing the checks, by 

calculating the resistance and stability, the 

structural system and by non-destructive control 

of the state of the metal elements and joints we 

have technically based the intervention measures 

(consolidation) and modernization needed to be 

implemented for the insurance to achieve the 

required functional performance. 

 On the runway: 

- Repairing all joints in the joints; 

   - Replacing all broken, broken or 

corroded screws with new ones of the same 

quality; 

  -Systematic long-term purification in order to 

reveal the possible degradation; 

   - Replacing all deformed or corroded 

fasteners (nuts, pliers, washers, spring rings) 

with new ones of the same quality as existing 

ones; 

  - Removing and re-mounting the track 

sections with horizontal deviations above the 

permissible limit (± 4 mm) so as to provide a 

7000 mm gauge. Where not otherwise possible, 

the mounting holes of the type 49, so as to allow 

horizontal translation; 

  - Repair all coronal parts affected by 

corrosion by cutting and replacing with a rail of 

the same quality. The joining will be done by 

welding together; 

- After repair, all track segments will be 

translated so that the maximum joint size is 6 

mm; 

• Repair bridge between 10.900 - • Repair of 

winch from lifting mechanism T2846 - 79 / a - 

3.1.0 / A 12.545; T2846 - 79 / b-11.0; 

 • Repair of the T2846 - 79 / b-82.0 main 

spatula with modifications T2846 - 79 / b-13.0 

from the secondary spillage. 

 • Repairing the tape installation: 
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metal fastenings will be restored 

-Modify the buffers at the ends of the 

tread so that they can retrieve the loads 

produced by the loaded machine 

according to the rules in force, replacing 

the current inadequately welded grip. 

The following rehabilitation and 

repair works will be machineried out on 

the load bearing structure: 

• Repair of the "Marsh Mechanism" 

T2846 - 79 / a - 1.0 and the "Lubrication 

Plant"; 

• Repair of the "Support Tripod": 

T2846 - 79 / b - 21.0. Welded and 

assembled with screws 

• Repairs to the rotary platform 

T2846 - 79 / b - 3.0; 

      - Rotary bearing type 

010.40.2850.000 19.1503); 

      - crown toothed T2052 - 76 / a - 

2.2.0; 

      - stairs and treads to Trepied 

T2846-79 / b - 18.0; 

      - dismantling the steering action 

+ attack pinion T2846 - 79 / a - 2.10 

      - the bearing lubrication system 

T2846 - 79 / a - 4.40.0 / A; 

 • Repairs to the Elindei wheel arm 

consisting of: 

 - Tronson I - T2846 - 79 / b - 1.0; 

 - Tronson II - T2846 - 79 / b - 2.0; 

 - Console - T2846 - 79 / b - 25.0; 

 • Wheel axle check + Support 

bearings Φ280 and Φ200 T2846 - 79 / a - 

1.3.0 + 1.3.1.0 + 1.3.2.0 

 • Repair and Mount Roller Supports 

TMSC - 9.0 / B; 10.0 / B 11.0 / B 15.0 / A 

and 16.0 / A; 

 • Repairs of the bridge, pillars and 

current hand I and II; 

 • Counterfeit repair T2846 - 79 / b - 

4.0; and lifting platform platform T2846 - 

79 / b-5.0: drive group; 

   - drive and return drum with bearings; 

  - the deviation and inertia drum of the 

associated device. 

 

 

    • Repair T2052-78 / a-1.0 cup-wheel 

rotors, bearings on the wheel axle and the 

assembly on the elinda 

 • Replacing damaged cables of traction  

T2846 - 79 / b - 16.0 + T2846 - 79 / b-15.0 + 

T2846 - 79 / b-12.0 horizontal gearbox. 
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ABSTRACT: Using the finite element analysis method, problems can be studied whose complexity is given by the 
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1.Introduction 
 

CATIA (Computer Aided Three 

dimensional Interactive Applications) is a 

product of the company Dassault Systemes 

representing one of the most advanced 

integrated platform type: CAD/CAM/CAE 

based on the latest technologies in the field 

of software industry. 

CATIA V5 is available as from the 

year 1999. At the current time CATIAV5 

contains more than 140 robust applications 

covering the following areas of electronic 

engineering: 

- explicit hybrid parametric modeling; 

- surface modeling, sheet metal; 

- assembly modeling, design optimization; 

- generating drawing drawings; 

- design of molds and shapes; 

- reverse engineering, rapid prototyping; 

- analysis using finite element method; 

- kinematic analysis using the virtual 

prototype; 

- simulation of manufacturing processes; 

- design of electrical parts, pipelines, 

heating, ventilation and air conditioning; 

- CNC programming for CNC machines 

with 2/5 axes; 

- translators for converting entities into / 

from other design environments. 

Using the finite element method 

can solve some types of problems such as: 
 

 

 

 

-Problems independent of time: 

 -analysis of the tensions and 

registering strains; 

 - static analysis of structures; 

 - inter-surface contact analysis; 

 - temperature stress analysis; 

- Problems of spreading or transition: 

 -problems of fracture mechanics 

and fissures under dynamic loads, fatigue 

behavior, J-integral, cracks, crack growth; 

 - the response of structures to 

aperiodic tasks; 

- Own value problems: 

 - natural frequencies and own 

modes of structures; 

 

2. Modeling parts 
 

 At this stage is drawn the profile 

from which, by extrusion in later operation 

will be obtained a piece of beam type. In 

order to accurately and quickly generate 

the track profile, the value fields available 

in the Sketch Tools toolbar are used. A 

rectangle (300x100 mm) is drawn and 

constrained. Also draw two weights at a 

40° angle symmetrically (fig.1). 

With the sketched profile, using the 

Pad modeling tool, it is extruded 

symmetrically to the YOZ plane by 
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assigning a wall thickness of 10 mm (fig. 2). 
 

  
 

Fig.1. The profile of the workpiece 

 

Fig.2. 3D representation 

 

 

3. FEM analysis 
 

 After solid modeling in the CATIA 

Part Design module, the piece is considered to 

be made of a material (steel) having the 

following physical and mechanical properties,  

 

 

important during analysis: Young's module 

(2x1011 N/mm
2
), Poisson's coefficient 

(0.266), density (7860 Kg/m
3
), coefficient of 

thermal expansion (1,17x10
-5

 
o
K), admissible 

resistance (2,5x108 N/m
2
) (fig. 3). 

 

 

  
 

Fig.3. Material insertion 

 

Fig.4. 3D representation after material insertion 

 

 

The CATIA Generative Structural 

Analysis module is accessed from the Start - 

Analysis & Simulation menu and determines 

the Static Case type, the tree of specifications 

displaying elementally the same name at the 

same time. 

Although the CATIA program defines 

the network of nodes and meshes by default, 

it is recommended to edit this and determine 

the size of the element, the maximum 

tolerance between the meshed model and the 

real model used in the analysis (Absolute 

sag), the type of element (Element type), etc. 

Next, a Clamp type lock (fig. 5) is 

applied to the support surface at the base of 

the workpiece. 

A distributed force (Pressure) is 

applied to the upper surface of the workpiece, 

exerting a pressure of 10000 N/m
2
, oriented 

towards the supports. As a result, the 

Distributed Force 1 element becomes 

available in the Specification Tree, the force 

being specified by four arrows on the surface 

(fig 6). 
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Fig.5. Applying supports 

 

Fig.6. Applying forces 

 

Once the restrictions and loading have 

been established, the actual step of the 

calculation (analysis) follows. Clicking the 

Compute icon on the toolbar selects All, the 

first effect of the action is to update the Static 

Case Solution element. 

Once the calculation is complete, the 

user has the Image bar tools available to view 

the results. The specifications tree is 

completed according to the inserted images. 

In fig.7, the image (using Von Mises 

Stress, Deformation, Principal Stress and 

Precision) is displayed, corresponding to the 

calculation of the model and load considered, 

with the statement that the deformations are 

presented in a slightly exaggerated graph to 

ease the stage of determining the conclusions 

of the analysis. 

 

  
 

Fig.7. The deformed piece 

 

Fig.8. Optimizing the analysis process 

 

In fig.7, next to this window is the 

color palette accompanying the result - Von 

Mises image. The lowest tension are at the 

bottom of the palette and the highest ones at 

the top of the palette. The dialog box also 

contains explicit values in the Extreme Values 

area as follows: Min 1.43 N/m
2
 and Max 4.81 

x 106 N/m
2
. Thus, it is possible to interpret 

the way the stresses on the piece are 

distributed and the colors displayed. 

The blue and blue colors indicate low 

voltages (from 1.43 N/m
2
 to 1.6 x 10

6
 N/m

2
), 

and yellow to red high volumes (3.05 x 106 

N/m
2
 at 4.81 N/m

2 
). Taking into account that 

the admissible material resistance is 2.5 x 108 

N/m
2
, it can be concluded that the piece 

model will withstand the applied distributed 

force of 10000N. 

An optimization process can also be 

done by altering the dimensional values of the 

deformations (fig. 8). The result is a new 

piece configuration (fig.9) along with the 

corresponding effort distribution on the piece 

and its corresponding values on the right side 

of the screen in the color palette. 
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                                      a                                                                        b   

Fig.9. Various piece configuration according to optimization parameters 

 

4. Conclusions 
 

Finite Element Analysis using the 

CATIA program is a modern method, 

allowing the determination of some 

important parameters for the study of the 

various requests. In the case of hertz 

contacts, accurate information on the state 

of stresses at the contact level is obtained. 

The point-to-point analysis using the 

classical method (Hertz theory) did not 

allow such results to be obtained. Von 

Mises tension determination allows a 

tension state analysis to allow for a correct 

quantification of this state and the 

possibility of identifying the damage that 

occurs. Finite Element Method (MEF) or 

Finite Element Analysis (FEA) has at the 

concept of building complex objects with 

the help of some elements simple or the 

division of complex objects into small, 

easy-to-handle pieces. 

Applications of this simple concept 

can easily be found in real life and in 

especially in engineering. 

Analyzing the results obtained 

through the MEF, it can be seen that it 

provides much more data in a time and 

with much less resource consuming than 

the analytical variant. It can be noticed that 

the structure of the piece is less demanded, 

smaller profiles can be used, in order to 

achieve savings. Modification of beams 

section profile and recalculation is done in 

a very short time, being an easy procedure. 

 

 

 

Bibliography 

 
[1] Ghionea I.G – CATIA v5 – culegere de 

aplicaţii pentru activităţi de laborator, 

format electronic, Universitatea 

Politehnică Bucureşti, 2015; 

[2] Ghionea I.G – CATIA v5 – aplicaţii ȋn 

inginerie mecanică, Editura BREN, 

Bucureşti 2009; 

[3] Ghionea I.G – Proiectare asistată ȋn 

CATIA v5 – elemente teoretice şi aplicaţii, 

Editura BREN, Bucureşti; 

[4] Olariu Valter, Brătianu, Constantin - 

Modelare numerică cu elemente finite, 

Editura Tehnică, Bucureşti, 1986 



  
Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

 

64 

 

 

ANALYSIS OF THE STABILITY OF THE TECHNOLOGICAL 

PROCESS OF MAKING A PIECE ON A MACHINING CENTER 

Part I 

 

lecteur PhD eng.  RĂDULESCU CONSTANŢA
1 

professor PhD eng. CÎRŢÎNĂ LIVIU MARIUS
2
  

eng. PANAIT ALEXANDRU
3
 

1,2 -University ,,Constantin Brâncuşi,, from Târgu-Jiu, Romania 

3- Profesional F&G Company, Timişoara, Romania 

 
ABSTRACT: In this paper we will present the technology of a workpiece that will be made on a 

numerically controlled machine, following to analyze the stability of the manufacturing process of the piece. 

The necessary steps to simulate and achieve the tehnologique process of the workpiece are done using the 

CAD / CAM program,  by extracting the G code compatible with the HAAS VF2-SS machine tool. The 

workpiece will be made of three clamps, and for catches  I will be presented the schematic of the operations 

of the simulated technological process that will be corroborated with the actual positions of the piece during 

processing. 

 

KEY WORDS: technological process, stability of the manufacturing process 

 

1. INTRODUCTION  
With the development of industry 

and technology, machinery parts, 

especially of the aviation industry, were 

imposed much more technical 

computation: complex forms, complex 

processing, restricted tolerances, quality 

elevated surfaces etc. Because of this 

extremely difficult pieces produced no 

longer can be done on machine tools. In 

this case, people have developed a new 

technology for processing namely 

machinery machine tools with numerical 

control. 

Machine tool with numerical 

control it is a complex piece of 

equipment equipped with command and 

control systems of numerical control 

movements, and generally refers to 

Automation processes in machine tools 

by programming sets of commands that 

will be recorded (see code G) and 

programmed on an external device [1].     

In 1952, the Massachusetts 

Institute of Technology built the first 

machine with numerical control what you 

can control the movement of a tools for 

machining complex surfaces.  

The first machine tools were 

conducted with instructions or programs 

stamped on paper tape. They have 

transformed with time in the format is 

referred to as code g. this name comes 

from the fact that many of the text lines 

of the program began with the letter G.  

From 1952 and until now this technology 

has evolved greatly, so have new working 

machines, namely: 1952-CNC machine, 

1972-CNC machine tools, 1980-flexible 

processing and systems 1986-CIM 

systems [5], [6]. Systems that are used to 

design a 3D spatial model on the basis of 

graphical data and are used to produce 

solid models using CNC machine tools 

are referred to as Computer Aided 

Manufacturing (CAD/CAM) systems [3]. 

In the literature there is a 

classification of the machinery on the 

basis of the generation, namely: the first 

generation of machines that used 

electronic lamps and vacuum; the second 

generation of the machines that have 

taken the place of transistors tubes and 

the third generation of the machines they 

used integrated circuits and modular and 

https://www.microsofttranslator.com/bv.aspx?from=ro&to=en&a=https%3A%2F%2Fwww.google.ro%2F.wikipedia.org
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entered storage memory, they were at 

first, and then were replaced by the 

electronic circuits integrated.  

In this paper we present the 

technology of making a piece on a 

numerically controlled machine, after 

which we will analyze the manufacturing 

process of this piece. 

The center on which the pieces 

were made was made by HAAS 

Automation. Inc.,  the American factory 

of numerical control machines, and the 

model of the processing center is VF2SS 

(fig.1). In fig. 1 shows the functions of 

the vertical of the milling cutter on which 

the piece will be processed, namely: 1-the 

changer of lateral tools ;2 - automatic 

door with servomotor; 3 - the main shaft 

subassembly; 4 - the  compartment of  

electrical control; 5 - working lamp; 6 - 

window commands; 7- storage tray; 8 - 

the piston of compressed air ; 9 - frontal 

work table; 

10- the container of metal chips; 11 -  

devices of fixation for tools; 12- 

conveyor of metal chips; 

13 - tool tray; 14 - high intensity lamps; 

A  - changer of type umbrella tool; B- 

Control console;C - subassembly - 

fastening the tool.  

 
    Fig.1 Machine tool HAAS VF2 SS VF2SS 

                               

The milling machine has the 

motor placed vertically, directly coupled 

to the milling head, and due to the fact 

that it does not use the rotation 

transmission belts, the vibrations are 

smaller. The developed power is 30 

horsepower and the maximum torque of 

102 Nm at 2100 rpm.  The machine mass 

(fig.2) can reach a crossing speed of 35.6 

m / min, and they develop a torque of 

8874 N on X and Y and on Z because it 

supports the assembly  brooch- 

pneumatic mechanism of catch , this 

engine develops a higher 13723 N torque.  

 
Fig.2 The machine mass 

 

The maximum machining dimensions are 

762mm X, 406mm Y and Z 508, and 

processing accuracy reaches +/-0, 

0025mm. The car's mass is to 914mm on 

368mm and thick  to 107mm, with a 

weight of 680kg, it is equipped with a 

three T  channels on X and 16 holes for 

accessories such as fixtures and 

additional axes. 

Machine programming is done in 

the ISO standard G code, program that 

can be generated by the SolidCAM on 

setting function FANUC, and the transfer 

of data is done using portable memory 

USB, RS-232 or network cable with  

diameter ϕ6 mm. 

 

2. ANALYSIS OF THE STABILITY 

OF THE PARTS MANUFACTURING 

PROCESS 

For the beginning, in this paper 

will be presented, this program initiation 

to execute processing center. To analyze 

the stability of the manufacturing process, 

it will be taken as case study the piece of 

fig.3. First we will analyze the 

technological process of obtaining the 
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piece and determine the optimal cutting 

regimes with respect to the used cutting 

tools. Then you will be following and 

presenting data on the processing center. 

As for the technology of the piece, 

initially will present the steps needed to 

achieve the technological process using  

CAD/CAM program, extracting code G 

compatible with machine tool HAAS 

VF2 SS. 

      The quotas with the restricted 

tolerances are highlighted in fig.4.  These 

tolerances must be obtained from the 

technological process operations, and two 

of these quotas will be analyzed in detail 

so that we can make a full and accurate 

analysis of the entire technological 

process [2] and [4]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.  The Execution drawing of the piece 

 
Fig. 4  Highlighting quotas with the 

restricted tolerances 
3. THE INITIATION OF A 

PROGRAMME  

To initiate a programme it is necessary to 

follow the following steps: 

a. Drawing of the execution of the  

piece.  

Of these quotas, you will only 

study:17,50,05 mm and 150,05 mm. 

Following the recorded measurements  

for a sample of parts, statistical 

calculations will be made, and the results 

and conclusions will have an impact on 

the entire batch of products.  The pieces 

in the sample will be controlled by means   

device  of measuring in coordinate, and 

the results will be entered in a table. 
Tab.1 Characteristics of the material 
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b. Dates about the piece material 

The material used is PA-6 with 30% GF, 

and its properties are given in the table 1. 

c. Choice of cutting tools - it made 

according to the type of material, by 

letters codes, according to the tool 

catalog. 

 

 
                                          a                                       b                                                c                                               

Fig.5. The emplacement of coordinate systems 

 
Tab.2. Operations of the technological process for catching I 

Index Operation name 

Coordinate system Spin Finish Feed XY Feed Z Time 

Tool number Operation description 

 FM_facemill_T4-(Face) 

1 MAC 1 (1-Position) 3500 994 994 0:00:42 

T4     

2 F_contour_T4–(Profile) 

MAC 1 (1-Position) 3500 800 800 0:06:11 

 
 

T4 

 
3 F_contour_T4–(Profile) 

MAC 1 (1-Position) 3500 994 994 0:03:29 

 
T4 

 
4 F_contour_T6–(Profile) 

MAC 1 (1-Position) 3500 600 600 0:02:02 

T6 

 
5 F_contour 4_T6–(Profile) 

MAC 1 (1-Position) 3500 600 600 0:01:23 

T6 

 
6 F_contour 6_T7–(Profile) 

MAC 1 (1-Position) 4000 600 600 0:02:33 

T7 

  
7 F_contour 5_T9–(Profile) 

MAC 1 (1-Position) 4000 700 700 0:01:23 
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T9 

 
8 F_contour 9_T9–(Profile) 

MAC 1 (1-Position) 4000 600 600 0:02:58 

T9 

 
9 F_contour 10_T9–(Profile) 

MAC 1 (1-Position) – T9 4000 600 600 0:03:04 

 F_contour 11_T9–(Profile) 

MAC 1 (1-Position) – T9 4000 600 600 0:03:03 

11 F_contour 12_T9–(Profile) 

MAC 1 (1-Position) – T9 4000 600 600 0:03:00 

12 
 

F_contour 17_T9–(Profile) 

MAC 1 (1-Position)  4000 600 600 0:01:17 

T9 

 
13 F_contour 13_T17–(Profile) 

MAC 1 (1-Position)  5500 80 40 1:19:34 

T17 

  
14 F_contour 29_T13–(Profile) 

MAC 1 (1-Position)  5000 1000 400 0:00:21 

T13 

 
15 F_contour 16_T13–(Profile) 

MAC 1 (1-Position)  5000 1000 400 0:02:27 

T13 

  

 

 

4. DATA ON REALIZATION 

TECHNOLOGY OF PIECE 

Computer aided design and 

manufacturing are two areas that have 

developed simultaneously, being treated 

in a shared vision based on the natural 

links between CAD / CAM  design and 

production activities In our case, the 

drawing of execution for the piece was 

done in SolidWork. How  the piece is 

made on the  machine tools, in three 

different catch, must the coordinate 

systems for each of them are defined.  

In the first phase, the drawing of 

execution will be done  in CAD 

SolidWork. After the execution of the 
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workpiece drawing, on this drawing will 

present the coordinate systems required 

to position the piece on the machine 

table. The three coordinate systems are 

shown in fig.5. 

The following settings will be 

selected in this program: 

- the port processor, the 

subroutine generating the G code; 

- the coordinate system, the points 

that are defined that it  be zero  by the 

machine, the zones  safety on height and 

rapid movement areas; 

- Stock & Target model - which 

helps us to simulate the program so we 

can see if the workpiece is done properly. 

In the following table (Table 2) 

are presented the operations of the 

manufacturing process of the workpiece 

for catch I, together with the cutting 

tools. These are presented using the 

program. Schemes presented by the 

program will be corroborated with the 

real piece at  the different operations. The 

program also presents the operations of 

the technological process for catch II and 

III, but for lack of space they will no 

longer be present. 

After selecting the cutting tools 

and the cutting regimes, after the 

simulation it  is generated automatically 

the subroutine or the G code (cutting tool 

trajectories). Finally, the program is sent 

to the processing center. 

 

5. CONCLUSIONS 

With help SolidCam, it was 

possible to simulate the technological 

process of the workpiece. In this program 

we selected:  

- the port processor, the 

subroutine generating the G code; 

- the coordinate system, the points 

that are defined that it  be zero  by the 

machine, the zones  safety on height and 

rapid movement areas; 

- Stock & Target model - which 

helps us to simulate the program so we 

can see if the workpiece is done properly. 

After the simulation it  is 

generated automatically the subroutine or 

the G code,  and in finally it was sent to 

the processing center. On the basis of this 

G code the piece was executed by three 

catches and controlled.  
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ABSTRACT: In this paper we will present the technology of a workpiece that will be made on a 

numerically controlled machine, following to analyze the stability of the manufacturing process of the piece. The 

necessary steps to simulate and achieve the tehnologique process of the workpiece are done using the CAD / 

CAM program,  by extracting the G code compatible with the HAAS VF2-SS machine tool. The workpiece will 

be made of three clamps, and for catches  I will be presented the schematic of the operations of the simulated 

technological process that will be corroborated with the actual positions of the piece during processing. 
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1. GENERAL DETAILS ON  

MEASURING DEVICES 

The process of control and quality 

assurance in modern production activities 

increasingly depends on the performance 

of coordinate measuring machines (MMC). 

Over the past 20 years MMC have replaced 

traditional control methods that used 

calibration gauges or measuring 

instruments, reducing the time and labor 

required in dimensional control operations. 

MMC offer not only the possibility of 

inspecting standard geometric dimensions, 

but also special features such as gears, 

camshafts, aerospace parts, and more.  In a 

traditional production environment, for 

each of these inspection processes, one 

type of measuring instrument would have 

been needed according to each inspected 

feature. The quality of the product depends 

not only on the performance of the 

machine tools used in the production 

process, but also on the accuracy and 

repeatability of the control devices. 

Therefore, a low performance machining 

center, with a high precision measuring 

machine for coordinate measurement can 

further guarantee the quality of the product, 

allowing parts in the required tolerance 

field to be accepted by the inspection 

process. 

In the case of processed parts, 

optical instruments were used of  measure 

in coordinates. Optical  measuring 

machines in coordinate consist of several 

types of sensors, from non-palpable optical 

systems to touch probe systems, including 

a variety of scanning heads with or without 

contact. The measurement systems are 

based on very precise linear coding devices 

mounted on each of the three axes. 

 

2. THE DEVICE THE MEASURE  

USED AND DATA RECORDING 

For  check the workpiece's allowances was 

used  an OMP60 optical probe made by 

Renishaw.  
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The dimensions to be analyzed are 

17,50,05 mm și 150,05 mm.  

The data obtained are shown in a general 

table (tab.1).   

 

                                                                               Tab.1. Data recording 

  

3. DATA PROCESSING 

Once the data has been recorded, the 

analysis of the manufacturing process  of 

the studied part will be taken [2], [4]. To 

make this analysis a special software was 

used, namely STATISTICA7. 

After entering the data in the program we  

could determine: 

- the distribution of the values, their mean, 

the mean deviation, the lower and upper 

limits and the field of the spreading of the 

values, fig.1 and fig.2; 

- statistical parameters, tab. 2 and tab.5; 

- frequency of occurrence of measured 

 tab.3 and tab. 4.
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Fig. 1. The field of spreading  the  values for  the 

dimension 150,05 mm.    

 

Tab. 2. statistical parameters for 150,05 

mm 

 

 

 

Tab.3. Frequency of occurrence of measured alues 150,05 mm 

observed cumulatv percent cumul. % expected cumulatv percent cumul. % observd- Chi-Sqr observed 

14,96 0 0 0,00000 0,0000 0,33321 0,33321 0,66642 0,6664 -0,33321 
 

14,97 3 3 6,00000 6,0000 1,25258 1,58579 2,50515 3,1716 1,74742 
 

14,98 7 10 14,00000 20,0000 3,81234 5,39812 7,62467 10,7963 3,18766 3,923080 

14,99 8 18 16,00000 36,0000 8,00442 13,40255 16,00885 26,8051 -0,00442 ,0000024 

15,00 13 31 26,00000 62,0000 11,59745 25,00000 23,19491 50,0000 1,40255 ,1696181 

15,01 11 42 22,00000 84,0000 11,59745 36,59745 23,19491 73,1949 -0,59745 ,0307783 

15,02 5 47 10,00000 94,0000 8,00442 44,60188 16,00885 89,2037 -3,00442 1,127696 

15,03 2 49 4,00000 98,0000 3,81234 48,41421 7,62467 96,8284 -1,81234 
 

15,04 1 50 2,00000 100,0000 1,25258 49,66679 2,50515 99,3336 -0,25258 
 

15,05 0 50 0,00000 100,0000 0,28377 49,95056 0,56754 99,9011 -0,28377 
 

  
Variabila: Var1       Media: 17,50

Sigma (Total):0.01761 Sigma (Within):0.00940

Specificatii:
Dimensiunea limită inferioară LSL=17,45

Dimensiunea nominală=17,5000 
Dimensiunea limită superioară: USL=17,55

Normal: Cp=1,772 Cpk=1,772 Cpl=1,772 Cpu=1,772

 Total
 Within17,44

17,45
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17,48

17,49
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Tabelul 4. Frequency of occurrence of measured values 17,50,05 mm 

Number of values 50 

Mediate 15,0000 

Average deviation 0,01616 

Inferior  Limit 14,9500 

Nominal dimension 15,0000 

Upper limit 15,0500 

Lower limit of measured values 14,9700 

Upper limit of measured values 15,0400 

Variabila 2       Dimensiunea nominală: 15,0000

Sigma (Total):0.01616 Sigma (Within):0.01537

Specificatii:
Limta inferioară  LSL=14,95

Media valorilor X=15,00
Limita superioară USL=15,0500

Normal: Cp=1,084 Cpk=1,084 Cpl=1,084 Cpu=1,084

 Total
 Within

14,95 14,96 14,97 14,98 14,99 15,00 15,01 15,02 15,03 15,04 15,05 15,06

-3,s(T)
NOMINAL

+3,s(T)
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observed cumulatv percent cumul. % expected cumulatv percent cumul. % observd- Chi-Sqr observed 

17,46 0 0 0,00000 0,0000 0,57852 0,57852 1,15705 1,1570 -0,57852 
 

17,47 4 4 8,00000 8,0000 1,63416 2,21268 3,26832 4,4254 2,36584 
 

17,48 7 11 14,00000 22,0000 4,19094 6,40362 8,38189 12,8073 2,80906 3,299174 

17,49 9 20 18,00000 40,0000 7,85107 14,25469 15,70214 28,5094 1,14893 ,1681351 

17,50 11 31 22,00000 62,0000 10,74531 25,00000 21,49061 50,0000 0,25469 ,0060370 

17,51 8 39 16,00000 78,0000 10,74531 35,74530 21,49061 71,4906 -2,74531 ,7013951 

17,52 7 46 14,00000 92,0000 7,85107 43,59637 15,70214 87,1928 -0,85107 ,0922576 

17,53 3 49 6,00000 98,0000 4,19094 47,78732 8,38189 95,5746 -1,19094 
 

17,54 1 50 2,00000 100,0000 1,63416 49,42147 3,26832 98,8430 -0,63416 
 

17,55 0 50 0,00000 100,0000 0,46534 49,88681 0,93068 99,7736 -0,46534 
 

 
Tab.5. Statistical parameters for 17,5±0,05mm.  

 

4. CONCLUSIONS 

Following the analysis of FIG. 1 and 2, the 

following conclusions can be drawn 

regarding the analysis of the technological 

process stability: 

- The manufacturing process for the 

dimension of 15 ± 0.05 mm is stable as 

accuracy because the dispersion of the 

measured values of the characteristics falls 

within the prescribed tolerance field (+3 

and-3); 

- The production process for the 17,50,05 

mm dimension is stable as accuracy 

because the dispersion of the measured 

values of the characteristics falls within the 

prescribed tolerance field (+ 3s and -3s); 

- The production process for the height of 

15 ± 0.05 mm is stable as a setting because 

the mean of the measured values of the 

characteristics (X) coincides with the 

average value of the prescribed tolerance 

field; 

- The production process for 17,50,05 mm 

is stable as a setting because the average of 

the measured values of the (X) values 

coincides with the average value of the 

prescribed tolerance field. 
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INFLUENCE OF IMPACT ENERGY ON CONTACT SURFACE WEAR  

AT THE IMPACT CRUSHER 

 

Cătălina Ianăşi, University “Constantin Brancusi” of Tg-Jiu, ROMANIA 

Radostin Dimitrov, Technical University of Varna 

 

  
ABSTRACT: Extraction and processing of mineral aggregates requires a large number of machines and 

equipment. Between these machines and equipment it is also the impact crusher. This kind of machine is utilized 

for crushing the stone from quarries in small parts from different sizes. The impact energy which results from the 

impact phenomenon between the stones has a big value and helps against the rapid deterioration of wear surfaces 

of the impact crusher. 

 
KEY WORDS: stone, impact crusher, impact energy, yield, geometry, sizes  

 

1. INTRODUCTION  
 

The impact crushers involve an impact 

method that during the crushing procedure, 

the forces applied by hammers are applied to 

the particles so they are obtained many 

fragments of material, in many dimensions.  

The grinding of solid materials like stone is 

determined by technological operations of 

crushing, grinding, granulation. The energy 

consumed in the grinding process depends on 

the energy obtained with the product after 

grinding and the energy obtained with the 

material utilized as raw. We can observe, 

especially on newly formed surfaces, a lot of 

changes in structure of the stone. Crushing 

through kinetic contact with a rough surface, 

such as that in the crusher plates, is 

encountered in crushers with hammers fixed 

on the rotor [4, 9]. The granules can also be 

crushed by colliding with each other, which 

leads to lower energy consumption of the 

machine to be processed and to a higher yield 

of the process. 

In this paper we will study an impact crusher 

from a stone crushing plant which has 6 

hammers and an adjustable rotation of the 

rotor controlled by an inverter, the rotor 

having d=1000mm and L=1000mm. In the 

specialized literature there are many studies 

about the crush theory that is encountered in 

the crushing process. An expression of these 

theories is given by the next relation [9]: 

 

1 2sE L L                                                (1) 

Es – is the specific energy consumption for 

crushing the material [Kgf.m/cm3] 

 

where:  

1L - mechanical work of the machine work  

2L - mechanical work consumed for crushing 

the material. 

 

Each of the two terms can be expressed like 

this [9]: 

 

1 11 12

2 21 22

L L L

L L L

 

 
                                             (2) 

 

where:  

 

11L - mechanical work provided to the 

machine for the elastic deformation of its 

components; 

12L - mechanical work consumed to generate 

new surfaces, by wear, on the wear plates and 

hammers, 

21L  - mechanical work given by the elastic 

deformation of the material until it is broken; 
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22L  - mechanical work, necessary for 

generating new surfaces of the crushing 

material. 

22L  has the important value in the crushing 

process because is giving the information 

about the surfaces of the material obtained in 

this process. 

 

2. EXPERIMENTAL STUDY 

 

Impact crusher has a high speed rotor with 

wearing resistant plates and the crushing 

chamber is designed in such a way so that 

speed rotor throw the rocks against the high 

crushing chamber [4].  

This is an important physic and mechanic 

phenomenon because it shows the energy 

consumed in this process.  

In the figure 1 from below it is shown a stone 

crushing plant. This crushing plant can 

process up to 80t/h of material (granite). It 

contains a bunker (1) where is thrown the 

material. From this bunker the material is 

picked up by a conveyor belt (2) and (3) then 

taken to the crusher (4), sieves (5) and then to 

the conveyors belts (6), (7) (8) that classifies 

the material in multiple dimensions. The 

obtained material has the follow dimensions: 

4-8mm, 8-16mm, 16-25mm. 

 

 

 

Figure 1. Stone crushing plant [7,8] 

1-bunker for raw materials, 2-conveyor belt, 3-conveyor belt, 4-impact crusher,  

5-sieve, 6-conveyor belt, 7- conveyor belt, 8-conveyor belt 

 
               

Once the material is in the crusher it suffers a 

lot of transformation. The main physical 

phenomenon which appears in the production 

process of crushing is represented by the 

energy consumed for transforming the granite 

in many geometrical particles of different 

sizes. 

The granite enter into the crusher and it is 

broken by the hammers of the crusher that are 

made from martensitic steel with 55-56 HRC. 

The most important mechanical work is 22L  

because is express the generation of new 

geometric surfaces of the crushing material 

that enter in the crusher [9,10,11]: 
2

21 21
2

rL N k
E


                                               (3) 

22 22L k A                                                  (4)  

 

where: 

N is the number of deformation cycles to 

fragmentation. In the crushing plant shown in 

figure from above is a single crusher and the 

material is processed in a single production 

cycle with one sieving.  

r - break resistance that condition the 

process, r = 9,12 N/mm
2
 [14] 

 

E - modulus of elasticity of the material [15]  

 

A - the new created specific area of the 

material,  
 

D
i

d
 = 5 [tab.1.2, 9] 

i = shredding degree of the material, 

 

D - dimension of material entering in the 

impact crusher (200-50mm) 
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d - dimension of resulting material (40-10mm) 

 

Size of is defined as: 

2

1

n

A

A


 
  
 

= 0,06 
n                                                             

(5) 

where: 

  - 
2A is the surface area of particles produced 

in the crushing process, 

   - 
1A  is the surface area of original particle,  

For a maximum size of the raw material and a 

maximum size of crushed material we can 

obtain: A = A1-A2 ≈ 38400 mm
2 

(considering 

a prismatic shape).  

Exponent n depends on the crushing 

conditions; for fine and superfine grinding, n> 

0. The crushing process is very complex and 

requires a long study. During the observation 

of crushing process (a month with 8 

hours/day) it can conclude that is necessary a 

better organized space of receiving and 

distributing the material inside the crusher.  

The rotation of the rotor is also important to 

be modified and being increased [1,2,3,6]. 

Meaning the rotation is better to go up from 

750 rpm to 1000 rpm with the inverter. This 

kind of changes permits to the stone entering 

inside the crusher chamber with a high speed. 

During this process the granite material will 

crush each other and the crushing process will 

have a high impact energy. This is an 

important thing because the stone will crush 

each other first and then will be crushed by 

the hammers thus the wear of the impact 

plates it was reduced a lot [12,13] and it was 

obtained a better shredding degree of the 

material such as almost: 
D

i
d

 = 10. In fig. 2 is 

shown a crusher that is re-designed because of 

the wear impact area which is positioned so as 

to allow for greater collision between the 

pieces of crushed material and a good outlet 

of the material through the slot driven by its 

adjusting device. 

 

Figure 2. Impact crusher 

1-casing crusher, 2-hammers (6 pieces), 3-feeding mouth, 4-rotor, 5,6- wear impact 

area,7- slot adjustment device, [capacity of crusher 80 t/h, installed power P = 55 kW,  

n (motor) = 750 rpm, n1 (shaft crusher) = 750 rpm, width of the feeding mouth 1000mm/400mm].

Another problem that appears in the 

crushing process is also the wear of the 

hammers and wear plates. Most commonly 

the hammers have a rectangular shape with 

an interior channel. During the crushing 

process the hammers will get a more tilted 

surface because the impact phenomenon. 

Therefore it should have a great hardness 

of their material that implies higher costs 

of the production so the crushing chamber 
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should be increased and wear area should 

be positioned inside the crusher so as to 

allow for greater collision between the 

pieces of crushed material as we can see in 

the figure from above.  

 

3. CONCLUSION 
 

Impact crusher has an important role in the 

crushing materials and has a great ability 

to crush hard rocks with a high efficiency 

[4]. The impact energy must have a greater 

value to help of the crushing process. A 

method of improvement the yield of the 

crushing process is to re-design the 

crushing chamber for getting a bigger 

volume of it. Also, increasing the rotation 

of the crusher shaft with the help of the 

inverter, we can obtain a higher kinetic 

energy for the material inside the crushing 

chamber which lead at a great interaction 

between particles and a higher shredding 

degree of the material. Inside this re-

designed crusher chamber the stone will be 

crushed each other and then by the 

crushing hammers in number of 6 pieces. 

The re-design of the crushing chamber is a 

good solution for obtaining a better yield 

and a very lower wear of the crushing 

plates inside the impact crusher. 
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THE SYSTEMIC MODEL OF PROCESSING THROUGH  COMPLEX 

EROSION 

 

Nioaţă Alin, lecturer PhD. eng., “Constantin Brâncuşi” University of Târgu-

Jiu, Romania 

Ciofu Florin, lecturer PhD. eng., “Constantin Brâncuşi” University of Târgu-

Jiu, Romania 

ABSTRACT: The complex electrical and electrochemical erosion is the overlapping, in time and space, within 

the working  gap, of processing through  electrochemical erosion and electrical erosion processing. Machining is 

defined as the process of simultaneous development of anodic dissolution and pulse electrical discharge in the 

space bounded by the transfer object connected to the negative pole of the  power supply with continuous current 

and the processing object  connected to the positive pole of the  power supply in the presence of the working 

environment. The process of complex erosion processing is influenced by a large number of parameters and 

factors, acting in close interdependence and influencing each other in order to achieve the stability of the 

processing process and the achievement of the final technological characteristics. 

KEY WORDS: complex erosion; object of processing; object of transfer; working environment; productivity of 

processing 

 

1. INTRODUCTION 

 

From the point of view of the 

technological processing, the system is 

considered to consist of the following 

subsystems: 

 OP object of processing; 

 OT object of transfer 

  ML working environment. 

Like in any system, there can be 

also highlighted the following laws that 

lead to optimum results after processing: 

 any decision is all the better as it 

is based on observing the evolution of the 

system for as long as possible, in any 

case as close as possible to the moment 

of decision making; 

 when the decision-making is 

based on an older and older observation, 

the importance of this observation is 

increasingly low; 

 any decision is made based on 

causes and effects; 

 any system will operate correctly, 

within the accepted limits, only if the 

external cause that may cause 

malfunctions does not exceed certain 

limits (value and duration).

 

 

Figure 1. System  of  processing through complex electrical erosion 

 

Since we are dealing with a complex 

processing process, we can consider the 

system as being described by the cause 

sizes(inputs) u1, u2, ..., up and the effect 

sizes (outputs) y1, y2, ..., yn: 

u = (u1, u2, ... up) 

y = (y1, y2, ... yn) 

where u and y are called generic input 

and output variables and the scheme of 

such a system is shown in Figure 1. 

u=(u1, …, up) System y=(y1, …, yn) 

 S  
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The main factors of influence 

(cause sizes u) are: 

 electrical quantities: voltage U, 

current intensity I, current density j, 

structure of the circuit; 

 mechanical sizes: the pressure p 

and  vr relative velocity between 

electrodes; 

 sizes depending on OT: shape, 

dimensions, material; 

 sizes that depend on OP: shape, 

dimensions, material; 

 ML-dependent sizes: type and 

mode of washing; 

 sizes depending on the technical 

system: control and adjustment system, 

mechanical system, electrolyte system, 

power supply system; 

 sizes depending on the type of 

processing; 

 sizes that depend on the human 

operator; 

 environmental-dependent sizes. 

The main y-effect sizes 

(technological features) are: 

 process stability; 

 productivity of sampling; 

 profitability of processing; 

  the cost of processing; 

  the quality of the resulting 

surface; 

  precision of processing; 

  OT wear. 

 

2. TECHNICAL 

REQUIREMENTS 
 

2.1. Productivity of QOP 

processing 

 

If QOP optimization is intended, it is 

primarily influenced by the pressure p, 

which is because the pressure determines 

the contact area and hence the current 

density in the workspace. 

The next factor of influence is the 

relative velocity vr between the OT and 

the OP, which is explained by the fact 

that it imparts the impulse character of 

the electric discharge, determining the 

duration of the impulse electric discharge 

and thus determines how much of the 

discharging energy is found in the 

sampling of  material from OP. 

The third factor is the R-resistance 

of the power supply circuit that limits the 

negative effects of accidental short 

circuits between OP and OT and the 

setting of the optimal processing current. 

Then the LL working fluid (which 

determines the properties of the passive 

film), the thickness g of the OT (ensuring 

the concentration of the processing 

energy), the way of introducing the IL 

working fluid into the workspace 

(determines the processes that take place) 

and the inductance L in the circuit. 

Last rank the shape of the OT, the 

capacity C of the circuit and the material 

from which the OT is manufactured. 

 

 2.2. Flow of QOT Wear 

 

If QOT is intended to be optimized, 

it is primarily influenced by the pressure 

p, which is explained by the fact that the 

pressure determines the frictional force 

between the OP and the OT, thus 

abrasing the OT; in addition, friction 

contributes to the power distribution of 

impulse  electric discharge. 

Place 2-3 are occupied by the 

material from which the OT is built 

(naturally, its hardness will influence the 

wear, this will lead to the use of wear-

resistant OTs where the technological 

operation requires high dimensional 

precision) and respectively the relative 

speed between OP and OT (too low speed 

will result in too much passive film that 

accentuates the abrasive effect; too high 

speed leads to the danger of breaking the 

OT). 

The following factors have similar 

influence, and they are the LL working 

fluid and the way it introduces its IL into 

the workspace, the electrical features of 
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the circuit given by R, L and C and 

finally the thickness of the OT. 

 

2.3. Roughness of the Ra surface  

 

In Ra optimization, the greatest 

influence has a group of four parameters 

composed of the velocity vr (influences 

the distribution of energy in the impulse 

electric discharge), the contact pressure p 

(influences the energy of the impulse 

electrical discharge ), L and C in the 

working circuit (influence  the number of 

impulse electrical discharge). 

Next important is the R-resistance 

in the supply circuit which ensures the 

limitation of the maximum energy in the 

circuit and prevents the increase of the j 

current density over the allowed limit, 

which would lead to the destabilization of  

the process with serious effects on the OP 

surface. 

The following factors have similar 

influence and they are the working fluid 

and the way of inserting in the workspace 

(the correct access of the working fluid 

ensures the quality of the OP surface). 

Finally, the characteristics of the 

Me OT material and the OT shape (FOT) 

follow, according to  which Ra can be 

adjusted  least.  

 

2.4. The depth of the thermally 

modified Hs layer 

 

This parameter is controlled in 

particular by the input factors that 

determine the energy and the energy 

distribution in the impulse electrical 

charges, namely p, vr, L, R, C. 

Next comes the way of washing the 

workspace interstice and the qualities of 

the working fluid, factors that always 

interfere when it comes to the quality of 

the surface processed by complex 

erosion. 

The OT material and the OT form 

occupy the last places in primary factors. 

 

2.4. The size of the lateral 

interstice  sl 

 

If it is desired to optimize the 

lateral interstice, it should be taken into 

account the fact that the study shows that 

eight of the factors have very similar 

influence (p, vr, L, LL, IL, C, R, FOT) 

and therefore in determining the 

processing technology all these 

parameters should be considered. 

 

2.5. Feed speed ve 

 

Feed speed ve optimization can be 

done primarily by the p pressure and the 

relative velocity between OP and OT. 

The conclusion is obvious, because these 

two factors also ensure the  contol of 

processing productivity and thus the 

speed of erosion. 

The following four factors have an 

approximately equal influence, these 

being the resistance in the supply circuit 

R (limiting the power in SL), g 

(providing the surface required for 

complex erosion), IL (ensuring the 

correct continuity of the process) and L 

(by smoothening the current impulses ). 

The capacity C, the shape of the OT 

and the LL characteristics occupy the last 

places.  

 

3. CONCLUSIONS 
 

The factors that influence 

processing through complex erosion  act 

in close interdependence, and influence 

each other. They can be grouped into 

factors of influence determining other 

factors and factors of influence 

determined in turn by others. This 

complexity of factors and their reciprocal 

influences demonstrate the complexity of 

the  process of complex erosion and is an 

explanation for the complexity of the 

models required for the theoretical 

analysis of the processing. 
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In conclusion, due to the special 

character of the process of complex 

erosion processing, the fundamental 

phenomena developed in SL depend on a 

whole range of parameters and factors 

acting at the same time and in a dynamic 

interdependence. 

Depending on the variation of these 

parameters and factors, they are also 

influenced by the results of the 

processing, namely: 

• the global erosive effect; 

• the weight of the elementary processes; 

• the stability of the processing process; 

• global technological characteristics. 

In conclusion, the main processes 

that take place in the processing through 

complex erosion  take place within the 

system limited by the object of OP 

processing, the OT transfer object and the 

ML working environment. 
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STUDIES AND CONTRIBUTIONS ON THE INTERACTION OF THE 

LASER FASCIC WITH METAL MATERIALS 
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Abstract: Under the influence of the beam laser, heat is controlled by a material that changes the properties 

under the thermocycle. The heat equation, which hasthe temperature determination solution according to the 

space-time distribution, describes the laser interaction with the material. The important parameters used in the 

experimental calculation are laser duration, thermal temperature, melting and vaporization temperature of a 

metallic sample. With the help of these measurements the penetration depth of the thermal front and the molten 

depth layer zm  is determined for lamellar circular  lasers with CO2, Nd: YAG, fiber. 

 

Keywords: laser melting, laser plasma, laser cutting, laser drilling, laser welding, laser engineering. 

 

 

 

1. Introduction 
 

When processing laser materials it is 

important to know the effects that occur 

after laser interaction with the piece to be 

processed by various technological 

processes. This requires knowing the 

properties and characteristics of laser 

radiation: wavelength - ,Eenergy -E, 

power -P, divergence - , intensity -I, 

emission mode: continuous or pulses, laser 

radiation spectrum, laser irradiation 

lifetime 
p . 

Due to the remarkable properties of 

radiation, it is known that the laser can be 

used to process any material: metal, non-

metal, composite materials, wood, leather 

etc. where absorption must be taken into 

account - the degree of absorption, ie the 

degree of reflection of the surface of the 

material. 

By applying laser radiation, the piece / 

material changes its thermal state -T 

through the various technological 

processes: cutting, drilling, welding, 

solidification. Transforming the energy of 

the laser into caloric energy gives rise to 

heat, and by heating the material reaches 

different temperatures: ttop = melting 

temperature, t1 = liquid temperature, tv = 

vaporization temperature. These 

temperatures can be calculated and 

determined taking into account the 

working parameters of the laser device: 

frequency, intensity, power. 

By reducing 
p  the laser duration or the 

laser pulse, the heat Q in the metallic 

material is transmitted very quickly, 

temperatures in the order of thousands of 

degrees Celsius produce melting and 

vaporizing of the material (in a very short 

time). In laser cutting and laser drilling 

operations, no vaporization temperature is 

required. 

It is necessary to know from the laser 

system's technical book which laser 

intensity is used in various technical 

processes. Cutting operation will use I 

≈105 W / cm
2
, for drilling I ≈105-106 W / 

cm2, welding I≈109W / cm
2
. There are 

known giant pulse lasers, eg titanium laser: 

sapphire (Ti: Sa) I1010 W / cm
2
. 

For the technologically efficient use of 

laser beam irradiation in mechanical 

machining operations, it is necessary to 

analyze and evaluate the following factors: 

- the absorption coefficient, 

- the reflection coefficient, 

- the strength of the material, 

- the thermal effects on the piece, 

- the roughness, surface quality of the 

piece. 
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Heat obtained from a laser beam is 

produced by absorption. The focusing of 

the beam is carried out on surfaces of 

several μm2, the laser radiation does not 

exert pressure on the part, the processing is 

under thermal shock, beam handling is 

easy and the use is controlled [1], [2], [4]. 

 

2. Methods and procedures for 

laser processing of materials 
 

1.Heating the material: Be it a laser that 

emits an amplified beam of photons on a 

material that will change the thermal state 

due to the light absorption phenomenon. 

Thus, there is a collision of the photon of 

laser radiation and the electrons of the 

material, which implies a transformation of 

the light energy ε = Nhv into caloric 

energy Q that gives rise to a thermal wave 

that is transmitted to the electrons of the 

atoms forming the networks heating the 

material. The speed of diffusion produced 

by the thermal wave increases as the 

thermal conductivity of the material is 

higher, more efficient. 

 

 
 

Calculate penetration depth [1]: 

 

z(t) = 2  , (1) 

where β is thermal diffusion (cm
2
 / s) and 

laser duration (s). Under the influence of 

laser radiation on the material, the heat 

produced is transformed by the process of 

thermal conductivity, so that the physical 

and optical properties change through the 

heating phenomenon. It is important to 

note that during laser irradiation it would 

be of interest to determine the depth of 

penetration, temperature, its limits, the 

temperature distribution in the 

environment. Depending on the position, 

the temperature T = T (z, t) is determined 

approximately by the differential equation 

[1], [2]: 

 

 (2) 

where: T = temperature in the direction z, 

Temperature is a gradient (K), t = time (s), 

β = thermal diffusivity (m
2
 / s), k = thermal 

conductivity of the solid body (W / m
3
), q 

= q (z, t) - thermal flux density. We can 

locate that the position at a certain moment 

t is realized in the three-dimensional 

system (x, y, z), so the temperature is a 

spatio-temporal distribution function, T = 

T (x, y, z, t) In the unit of volume and the 

time unit t is q (x, y, z, t), so the two 

physical sizes depend on two parameters: 

position and time [1]. 

For metals, the formula [1] and [2] were 

determined: 

 

 , (3) sau 02I t
T

k






 (4) 

For non-metal: 

 

 (5) 

 

In the case of a homogeneous and isotropic 

metal part - that is, the intensity propagates 

identically in all directions, the heat 

equation has the general expression: 

 

 

(6) 

 

where ρ  c the specific heat capacity in the 

volume unit of the metallic substance, 

dV = dx • dy • dz (m
3
), c = calorific 

capacity per volume unit (J / m
3
k), 

k = thermal conductivity (W / mK), ρ - 

metal density (kg / m
3
). 
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2.Melting  the material: 

 

 In the case of a metallic part, the 

technological process of laser nature, in 

which the melting phenomenon is a simple 

method of destroying the surfaces, is 

intense. At the optical microscope, the 

melting can be easily observed through the 

dark portion of the flat surface can easily 

be observed as a result of the low diffusion 

process. From the very beginning we must 

know that determining the temperature 

inside the metal at a given moment is given 

by the heat equation that is kept up to the 

melting temperature. Through a simple 

drawing we can detail what is shown by 

the geometry of heating a metallic 

material. 

  

  
    Laser 

beam I(t) 

 

 

 

(1) Lichid  

 

(2) Solid                   

 

From the surface melting the melting 

temperature is determined according to the 

relation [1,2,3,4,11]: 

 

 (7) 

 

tm - the irradiation time elapsing from 

reaching the laser beam of the surface of 

the metal target with the temperature T0 

and the melting temperature Tm of the 

metal, λm = the latent heat of melting, 

h = layer thickness with h≤1μm, A0 - solid 

phase absorption, Al - liquid absorption, c 

= specific heat, tl = time required for 

melting the liquid state, I0 = incident 

intensity of laser radiation. 

To find out the smt depth of the melted 

layer, use the following relationship: 

 

 (8) 

-Tv- the vaporization temperature at the 

center of the irradiation spot - Tm - melting 

temperature at the edge of the melt, k - 

thermal conductivity. For a circular spot 

with the diameter ds the depth of the 

molten layer is calculated [1, 2, 3, 4, 11]: 

 

 (9) 

 

Results and discussions: 

In the industry, the most commonly used 

lasers for processing metal are: the high-

absorbing and highly absorbed metal laser 

and the Nd: YAG laser with high power in 

which laser light is transmitted through 

quartz optical fiber. The CO2 laser is a 

tunable laser that works with λ1 = 10600 

nm, λ = 9500 nm being used in industry 

due to high wavelengths. The CO2 laser 

cutting [5,7] is successfully applied for 

steel plates, titanium, Table 2, [3] because 

it is possible to use a continuous CO2 laser 

whose radiation is properly focused by 

means of a convergent lens, being assisted 

by a gas jet, ex O2, on the cut surface. The 

peak power of the CO2 laser in the case of 

a pulse with η = 1 ns is P ≅ 1.5 1012W. 

The duration of the laser pulse is a variable 

parameter in the melting, vaporising, 

plasma generation and heating experiments 

that destroy the contact surfaces and which 

has an influence on the heated layer [1], 

[2], [3], [4]. 
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Table 1 - The depth of penetration of the thermal front for different metals [1,2,3,4]: 

Metal Thermal 

diffusion 

β (cm
2
/s) 

Laser CO2 Laser CO2 

1 1ms    tz mm  
2 10ns    tz m  

Cu 1,12 
1 1ms   6,9 

2 10ns   21,1 

Al 0,87 
1 1ms   5,8 

2 10ns   18,6 

OT 0,15 
1 1ms   2,4 

2 10ns   7.7 

Ti 0,06 
1 1ms   1,5 

2 10ns   4,8 

Metal Thermal 

diffusion 

β (cm
2
/s) 

Laser Nd:YAG Laser Nd:YAG 

1 0,3ms    tz mm  
2 20ms    tz mm  

Cu 1,12 
1 0,3ms   3,6 

2 20ms   26,3 

Al 0,87 
1 0,3ms   3,2 

2 20ms   29,9 

OT 0,15 
1 0,3ms   1,4 

2 20ms   10,9 

Ti 0,06 
1 0,3ms   0,8 

2 20ms   6,9 

 

 

 

The graph shows that the penetration depth 

of the thermal front increases with 

materials having a higher conductivity / 

diffusion coefficient β, and as the laser 

duration is higher, the penetration of the 

heat front is more extensive.
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0,80 1,40
3,20 3,60

6,90
10,90

29,90
26,30

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

0,06 0,15 0,87 1,12

zt (mm)

β(cm2/s) 

t1 = 0.3ms

t2 = 20ms

 

The depth of penetration of the metal front panel in Table 1 with 
1 0,3ms  end 

2 20ms  . 

 

Table 2: Sm of the melt layer for the fiber laser spot, CO2, Nd: YAG [2] 

 

1

10

660 1083 1536 1800

zm(mm/µm)

Temperaturua
de topire ( 0C)

The smallest thickness of the 
melted layer for the laser spot

D=0,005

D=0,05

D=5,5

 

   

From the table and graph, it is noticeable 

that laser penetration is greater, varying 

directly in proportion to the diameter of the 

laser spot, and decreases as the melting and 

vaporising temperature of the material 

increases.

 

 

 

Conclusions:  
1.The penetration depth of the 

laser 8 910 10lz m    beam is less than the 

penetration depth of the thermal front 

 6 32 10 10tz m   .  

2.The temperature inside the material 

depends on the position and the time. 

3.Cutting, drilling and welding operations 

can be accomplished due to the phase 

transformations by which the piece and the 

duration of the laser source pass. 
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DIAGNOSIS OF BRAKING MECHANISM OF HOISTING DEVICE 

,,BLIND SHAFT NO.15― OF THE LUPENI MINING PLANT 
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Vilhelm Itu, PhD, Eng, Lecturer, University of Petroşani 

 
ABSTRACT: Every extraction machine is endowed with a braking system while ensure the right movement 

of the hoisting  vessels, or allows to stop the machine in a certain position of the vessels (brake tests) and the 

automatic brake device, independently of the operator will, in one of the following situations, considered to 

be perturbations or damages: tension absence, pressure drop of the working fluid in the braking system 

circuit, the overraising of the extraction vessels, exceeding the limit speed, overload etc. (safety–braking). 

Constructively, the brake system consists of two components: the working mechanism and the actuating 

system. Upon the working system, the common brakes can be with disk or with shoes, and from the point of 

view of actuation, can be with weights and, spring assembly, pneumatics, hydraulics and combined. 

Braking–mechanism diagnosis for the mining hoisting machines consists in establishing the real safety 

factors when the safety–brake is applied and when operating brake is applied too. 

The experimental measurements have been made at the Auxiliary Blind Shaft no.15 at Lupeni Mining Plant 

in order of examination and regulation the hoisting machine. 

 

KEY WORDS: Diagnosis, Braking mechanism, Hoisting device 

 

1. INTRODUCTION 
 

 
   Figure 1. The principle draft of the 

             extraction installation 

The fundamental elements of hoisting 

machine placed on the mining surface 

(fig.1) are: the shaft tower 1; the 

counterfort 2; the pulleys 6; the rope 7; 

the hoisting vessels 8 and the winding 

machine consisting of the wrapping 

devices of the rope 3 (in given case the 

drums); the reducing-gearbox 4 and the 

engine 5. 

The hoisting facility works as follows: 

when the wrapping-device is actuated by 

the engine, one. The two hoisting vessels 

reaching the level ramps, the loading and 

unloading operations are taking place 

simultaneously and after that the entire 

cycle is repeated. 

Every extraction machine is endowed 

with a braking system (fig.2) while 

ensure the righmovement of the hoisting  

vessels, or allows to stop the machine in a 

certain position of the vessels (brake tests 

and the automatic brake device, 

independently of the operator will, in one 

of the following situations, considered to 
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Figure 2. Braking–device extraction–machine 

 

be perturbations or damages: tension 

absence, pressure drop of the working 

fluid in the braking system circuit, the 

overraising of the extraction vessels, 

exceeding the limit speed, overload etc. 

(safety–braking ) [1]. 

Speed decrease made by the brake system 

must be between 1,5–5 m/s
2
 and the 

delay length of the brake (from the action 

release till the effective application) at 

the most 0,7 s. 

 

2. THE WORKING 

MECHANISM 
 

Constructively, the brake system consists 

of two components: the working 

mechanism and the actuating system. 

Upon the working system, the common 

brakes can be with disk or with shoes, 

and from the point of view of actuation, 

can be with weights and, spring assembly 

(fig.2), pneumatics, hydraulics and 

combined. 

The working mechanism of the brakes 

with shoes and levers (fig.3) consists of 

two support beams (1), articulated in 

joints (2) connected each other through 

the rod (3) actuated by raising or 

lowering the lever (4).On the support bars 

there are fixed the supports (5) of the 

brake shoes (rigid in case of angular 

movement and articulated in case of 

parallel motion). 

On the inner side surface of the supports  

the shoes are fixed (6) whit action 

straight about the brake system. The 

shoes motion during the braking time is 

stopped by the joints (7) at the ends of the 

supports (5). 

 

3. THE INSTALLATION 

TAKEN INTO STUDY 
 

The extracting installation which works 

on auxiliary blind shaft no.15, from 

Lupeni Mining Plant, which is destined 

for the underground supply with 

materials and tools as well as for 

transporting personal. The personal and 

materials transport is done to and among 

levels 300, 400, 480, 650 and 690. The 

extracting installation that supplies the 

well (fig.3) is unbalanced (without a 

balance cable) and has an extracting 

machine type 2T-3,5x1,8 (fig.4) equipped 

with two asynchronous motors type 

AKH2-16-39-12YXP4, of 500 kW power 

and a nominal rpm of 490 rot/min. 

The extracting cables with diameters of Φ 

44 mm and a mass (on a linear meter) of 

7,05 kg/m on the left branch (from the 

extracting machine to the well) and Φ 44 

mm and a mass 7,03 kg/m on the right 

branch are wrapped around the two 
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extracting pulleys of Φ 4000 mm with a 

mass (the pulley, the axel of the pulley 

and the bearing of the axel) of 1850 kg, 

laying on the tower at a height of 22,95 m 

(pulley axel). 

 
Figure 3. Extracting installation 

 

 
Figure 4. Extracting machine 

 

The cables are wrapped in a single layer 

(row) on each of the two wheels 

(wrapping organ (fig.4)) of the machine, 

from which one is fixed and one is 

mobile and which are hooked at one end 

by the exterior end (side margin) of 

them. The other end of the cables going 

through the extracting pulleys is hooked 

to the extracting vessel through the cable 

tie device (D.L.C.). 

The extracting vessels are untipping 

cages with two levels, with two trolleys 

each level having a mass (own mass plus 

D.L.C.) of 4924 kg. The mass of a trolley 

is of 650 kg, and the effective load is 

1800 kg/trolley. Another main 

component of the extracting installation 

is the metallic tower with a height until 

the pulley axel of 22,95 m. The structure 

of the shaft is composed of the extracting 

pulley platform sustained by the leading 

component. The extracting machine lies 

on the ground (at a height of 3,695 m to 

the 0 level of the well (well collar)), side 

ways from the tower (well tower), at a 

distance (of the wheel axel), towards the 

vertical portion of the extracting cables 

which enter the well of 32m. The length 

of the cable chord (the distance between 

the tangent points of the cable to the 

deviating pulley from the tower and the 

wheel of the extracting machine, in the 

central position of the chord 

(perpendicular on the wheel axel)), is for 
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the left branch Lcs = 35,450m, and 

Lcd=35,646m for the right branch. The 

incline angles of the cables chords are βs 

= 380 43‘ 55‖ for the left branch and 

βd = 330 05‘ 43‖, for the right branch, 

and the deviating angles (which are 

formed in the limit positions of the cable 

chord towards the interior side (interior 

angle) or exterior (exterior angle) of the 

wheel, over the central position of the 

chord) are: αe st =10 8‘ 53‘‘ şi αi st=00 

42‘ 11‘‘ For the left branch and αe dr=10 

40‘ 33‘‘ şi αi dr=00 39‘ 43‘‘ for the right 

branch. 

 

4. OPERATING CONDITIONS 

REQUIRED FOR THE 

BRAKING DEVICE 
 

Braking momentums, both for maneuver 

and for safety braking should be at least 

three times the static momentum: 

 

frM ≥ stM3  [Nm]                                (1) 

 

In case of an unbalanced winding engines 

(no compensation cable(balance)), static 

momentum is: 

 

 RqHQgM ust    [Nm]                 (2) 

 

Where g is gravitational acceleration, 

g=9,81[m/s
2
]; Qu useful mass of 

extraction vessel, kg; q weight per linear 

meter of extraction cable, kg/m; H 

extraction depth, m; R is radius of the 

winding part, m. 

For a statically or dynamically balanced 

installation (with compensation cable): 

 

  RHqqQgM 1ust    [Nm]       (3) 

where q1 is mass per linear meter of 

compensation cable, kg/m. 

In case of adjusting drum position as to 

another, in changing the hoisting level,  

 
/
fr

M ≥1,2 st1M [Nm]                             (4) 

 

braking momentum will be developed on 

the fixed drum rim, where M1st is static 

momentum of a cable branch, generated 

by the weight of the empty extraction 

vessel and the extraction cable, Nm 

 

 RqHQgM cst1    [Nm]                (5) 

 

where Qc is mass of the empty extraction 

vessel, kg. 

Maximum distance between shoes and 

braking rim should be no more than 2 

mm. 

A deceleration of at least 1,5 m/s
2
 and at 

most 4-5 m/s
2
 is also required during 

braking, but the critical magnitude when 

driving wheel winding installation cables 

slide shall not be exceeded. 

 

5. THE MECHANISM 

DIAGNOSIS 
Braking–mechanism diagnosis for the 

mining hoisting machines consists in 

establishing the real safety factors when 

the safety–brake is applied and when 

operating brake is applied too [1], [2]. 
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Figure 5. Tirant left wit tension metres marks 

 
Figure 6. Tirant reight wit tension metres marks 
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Figure 7. Right tie bar, left skip going down 
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Figure 8. Right tie bar, left skip going up 

 

 

For the experimental checking of the 

effective forces of stretching from the 

tyrants (in the rods 3), and the estimation 

of the real safety coefficients, two strain 

gauges have been stuck together on each 

tyrant (fig.5 and fig.6), diametrically 

contrariwise, in order to eliminate the 

bending–effect and by means of other 

two compensation gauges it has been 

made up a Wheatstone bridge with two 

active branches and two passive ones [2], 

[3].The experimental measurements have 

been made at the auxiliary Blind Shaft 

number 15 at Lupeni Mining Plant [4] in 

order of examination and regulation the 

hoisting machine. 

The values of forces from the tyrants, by 

means of which the safety coefficients 

have been calculated were obtained as 

following the measurements performed 

during the extraction cycle, together with 

kinematic elements of the vessels motion 

/ movement on the shaft – raising have 

been rendered in fig.7 and fig.8. 

 

 

 

6. CONCLUSIONS 
Actual safety coefficient calculated with 

the effective force in the tie bar, found as 

a result of experimental measurements, in 

application of safety brake and in 

application of maneuver brake, is in the 

admitted range. 

Decelerations and delays in the 

application of safety brakes are also in 

admitted ranges. 
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EVALUATION OF MANUFACTURABILITY FOR THE EFFECTIVE 

DECOMPOSITION OF PRODUCT WHEN LAYERED BUILD 
 

Yaroslav Garashchenko, Associate Prof. PhD Eng., yaroslav17@yandex.ua  

Nat. Tech. Univ. “Kharkov Polytech. Inst.”, Kharkov, Ukraine 

 
Abstract: The possibility of evaluating the manufacturability of product on the basis of a statistical analysis 

of the elementary volumes distribution of original 3D model is considered. The proposed indicator allows for 

quantitative evaluation of the efficiency of applying structural reversible decomposition of a product in order 

to rationally place it in the workspace of layered build of additive technology installation. The definition of 

manufacturability index is carried out according to the proposed algorithm for analyzing the distribution of 

product material in workspace. The algorithm is performed by using voxel 3D-model of product. 

Approbation of the proposed evaluation algorithm is performed on the example of test models of industrial 

products. The estimated data for determining the manufacturability level is presented depending on division 

parts number of workspace with the product. The results show sufficiently high degree of confidence and 

informative for development of design and technological preparation of additive manufacturing of complex 

products. 

 

Keywords: additive manufacturing; DFAM; 3D-model; manufacturability.  

 

 

Formulation of problem 

Evaluation of product design for 

adaptability to the solution of optimization 

tasks of technological preparation of 

additive production is of interest for 

ensuring the highest efficiency of layered 

manufacturing [1]. One of the main tasks of 

technological preparation is the structural 

reversible decomposition of product. 

Usually decomposition is used for large-

sized products, the dimensions of which 

exceed the dimensions of installation 

platform [2]. The solution of this problem 

allows reducing production time and 

increasing the efficiency of using the 

volume of working area of installation [3].  

 

Analysis of literature 

Structural decomposition is the first task 

that is performed during technological 

preparation of layered manufacturing 

because it determines the geometric and 

technological constraints which are taken 

into account when solving subsequent 

tasks. Such a task is usually solved on basis 

of the following criteria [3-5]: 

- build time; 

- products height loaded into working 

space of installation; 

- relative volume occupied by products 

in the working space; 

The product is decomposed in one of the 

following ways of dissecting the original 

3D-model: 

- parallel planes in chosen direction [3]; 

- formation of parts with a minimum of 

geometrical complexity of surfaces [2, 4, 6] 

(detailed analysis of the methods is shown 

in [7]); 

- parallelepipeds or prisms with the 

given dimensions [5, 8]. 

Despite a sufficient number of works [2-

8], where a solution to this problem has 

been considered, there is no methodological 

basis for evaluating product design in terms 

of its rational structural decomposition, 

taking into account its placement in build 

workspace. Therefore, to design products 

suited to determine the rational structural 

decomposition, it is necessary to develop a 

special evaluation of manufacturability 

taking into account the peculiarities of 

additive technologies. 

The main problem is that for 

geometrically complex products, which are 

usually manufactured by additive 

technologies, it is important to take into 

mailto:yaroslav17@yandex.ua
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account the distribution of elementary 

volumes in space [6]. Existing approaches 

[4, 9-12] to product decomposition based 

on the surface analysis of triangulation or 

CAD-model do not in all cases provide the 

most rational options for filling a 

workspace. 

In this paper, research hypothesis is 

proposed that a statistical analysis of the 

distribution of elementary volumes of 

products makes it possible to evaluate 

manufacturability of their design in relation 

to their structural decomposition, as well as 

a placement in workspace of installation. 

The purpose of this paper is to consider 

the possibilities of evaluating 

manufacturability design in the problem of 

structural reversible decomposition of a 

product and its placement in build 

workspace of installation of additive 

technologies. 

 

The main material 

Conducting research was made by using 

the subsystem of creation and statistical 

analysis of voxel 3D-model of product. The 

subsystem is included in a system of 

technological preparation of materialization 

of complex products by additive 

technologies. This system was developed at 

the department of "Integrated technologies 

of mechanical engineering" of NTU "KhPI" 

(Kharkov, Ukraine). The system allows to 

carry out manufacturability evaluation and 

analysis of efficiency of a decision of tasks 

of technological preparation of additive 

manufacture on the basis of statistical 

analysis of investigated attributes of voxel, 

polygonal and layered 3D-model of a 

product. 

The developed subsystem presents 

following basic options for setting 

parameters and operating modes with 

subsequent visualization of the results: 

- creation of a voxel 3D-model of 

product based on a STL-file with regard to 

the voxels dimensions X, Y, Z; 

- saving the voxel model to an ASC-file 

for analysis in third-party CAD-systems; 

- construction of histograms and 

statistical analysis of distribution of voxels 

of 3D-model along the X, Y, Z axes and 

subspaces of workspace; 

- determination of basic statistical 

characteristics (12 parameters) and 

visualization of analysis results in a form of 

relative or cumulative distribution. 

Usually, when assessing a 

manufacturability of product, relative 

indicators are used, which can be adjusted 

to a range of values  0 1K ,  [13-15]. 

Taking into account the works [4-6, 10-12], 

the most representative feature of 

triangulation 3D-model was chosen. To 

estimate the predicted efficiency of 

decomposition of a product for its 

subsequent placement in the workspace, the 

following indicator is used [16]: 

V Part BoxK V V ,                                   (1) 

where VPart – volume of product; VBox – 

volume of a box with the dimensions of the 

workspace of installation (LX, LY – platform 

dimensions and HZ – bild height), 

Box X Y ZV L L H   . 

For example, for a product in the form of 

a parallelepiped with dimensions 

corresponding to the dimensions of 

platform of selected installation, coefficient 

KV = 1, i.е. such a product will be the most 

technological in design, since full 

utilization of the workspace becomes 

possible. Also if the dimensions of 

parallelepiped do not coincide with the 

dimensions of platform, such a product will 

have the greatest manufacturability in a 

case of applying structural reversible 

decomposition. 

The index KV obtained with dependence 

(1) allows a preliminary evaluation of the 

manufacturability of product. However, this 

does not take into account the spatial 

distribution of the product material. In 

practice, products created by additive 

technologies have complex geometric 

shapes and complex spatial distribution of 
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material, so the use of dependence (1) will 

have significant limitations on the 

applicability. Ideally, when a product is 

decomposed into Np-parts, when pN   

and the minimum permissible distance 

between a parts 0p minl   then can apply 

the dependence (1). In practice, increasing 

quantity of product parts Np leads to an 

increase in a laboriousness of reversible 

procedure (assembly of parts into a whole 

product), and only up to a certain number 

Np, an increase in the value KV is observed. 

Therefore, there is a rational number of 

partitions Np. 

To take into account the distribution of 

elementary volumes (material) of product in 

space, the transition from original 

triangulation 3D model to voxel model was 

performed. Such a transition provides the 

possibility of performing a statistical 

analysis of material distribution over 

subspaces (parts of a partition) of 

workspace. 

An algorithm for determining the 

manufacturability of product to evaluate its 

effective decomposition based on a 

following assumptions is proposed: 

- maximization of occupied volume in 

workspace of installation; 

- multiplicity of subdivision parts into 

dimensions of platform of a given 

installation for the same size along Z-axis 

(direction vector of build); 

- number of parts of the workspace 

partitioning of voxel-free of product model 

determines the manufacturability level; 

- total number of parts of a product must 

be minimized to ensure less cost when 

assembling parts into the whole product. 

When breaking products in space with 

its overall dimensions lX, lY, lZ, will form 

the subspace containing material and not 

containing it. Obvious is the influence of 

the number of empty subspaces NV0 on the 

efficiency of decomposition. With this in 

mind, proposed the following relation to 

determine the manufacturability of product 

(ineffectiveness of decomposition): 

01 V
D

p

N
K

N
  ,           (2) 

where Np, NV0 – the total number of 

subspaces and empty (without product 

material). 

As a result, the algorithm for 

determining the level of product 

manufacturability includes the following 

actions: 

- formation of voxel model of workspace 

based on the triangulation 3D model of 

product based on the voxels dimensions 

(X, Y, Z) and workspace (lX, lY, lZ – 

overall dimensions of product);  

- determining the options for partitioning 

the workspace, taking into account the 

limitation on partitions number Np; 

- analysis of distribution of the product 

volume by parts (subspace) of the 

workspace (fig. 1); 

- definition of the index of 

manufacturability by dependence (2). 

Algorithm testing was performed on 

products models are presented in fig. 2. In 

Fig. 2 also shows histograms of the 

distribution of product material according 

to the subspaces Ui.  

When evaluating the manufacturability 

of product, the workspace was divided into 

3
3
-10

3
 subspaces. This range Np is sufficient 

to study its effect on the decomposition 

efficiency. It is also assumed that the 

product is manufactured in conjunction 

with others, so the partitioning was 

performed on subspaces relative to its own 

overall dimensions. In production practice, 

it is preferable to decompose into parts 

taking into account the platform dimensions 

of selected installation. 
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Fig. 1 – The form with visual analysis and histogram of material distribution by subspaces 

 

 

Fig. 2 – Test 3D models of industrial products: 

a) screw; b) cover; c) panel; d) ventilator 
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The calculation results of index KD for 

the selected test models (Fig. 2) are 

presented in tabl. 1. 

 

Table 1 – The results of fitness evaluation of products design 

for the application of rational decomposition 

Test model  

(overall dimensions, mm) 

Number of subspaces Ui Relative 

index KD Np Empty, NV0 Full, NV1 

Screw (40 × 40 × 144) 1000 333 90 0.67 

125 17 3 0.86 

64 12 0 0.81 

27 0 1 1.00 

Сover (84 × 101 × 43) 1000 636 0 0.36 

125 43 0 0.66 

64 18 0 0.72 

27 5 0 0.81 

Panel (152 × 196 × 20) 1000 493 0 0.51 

125 36 0 0.71 

64 12 0 0.81 

27 2 0 0.93 

Ventilator (26 × 92 × 92) 1000 248 0 0.65 

125 20 0 0.84 

64 12 0 0.81 

27 0 0 1.00 

Comparative analysis of the indexes 

KD (table. 1) the example of products 

models confirmed said hypothesis. With 

the decrease index KD (manufacturability 

level) increases the efficacy of reversible 

structural decomposition of product. The 

cover and panel have the smallest values 

of the index KD, respectively, they are 

characterized less efficiency of 

decomposition. This fact is confirmed by 

industrial experience. Splitting these 

products on 4-e (Np ≥ 4
3
) or more parts 

for each coordinate axes will increase the 

products density in the workspace by 

25÷40 %. Therefore, for these products 

based on this index is justified for the 

cases of high demands to the installation 

workspace filling. 

 

Conclusions 

The proposed estimation algorithm 

and relative index KV to evaluate the 

effectiveness of reversible structural 

decomposition of product allows with a 

sufficiently high degree of confidence to 

evaluate workability of industrial product 

for its manufacture of additive 

technology. 

The results create a methodological 

basis for evaluating the workability 

taking into account complex decisions of 

technological preparation tasks of 

additive manufacturing. 
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Abstract: The conditions of increasing the efficiency of the flat grinding process based on controlling the 

elastic displacements in technological system have been grounded in this article. The simplified and refined 

analytical dependencies for determine the elastic displacements which appear in technological system during 

flat grinding were obtained for this aim. The degree of discrepancy of the simplified analytical dependence to 

same refined mathematically substantiated, and the possibility of practical use of the simplified dependence 

for the selection of optimal processing conditions has been proved. It has been established that values of 

elastic displacement, actual grinding depth, actual processing productivity and radial component of cutting 

force continuously increase asymptotically approaching the established (nominal) values with increase of 

wheel passes number under conditions of multi-pass grinding. To reduce the amount of elastic movement 

without reducing the nominal processing productivity in these conditions possible through reducing the 

conditional cutting stresses and increasing the speed of the wheel and the rigidity of the technological system. 

This has been achieved by use the effective dressing of the wheel for increasing the cutting ability of the 

grinding wheel and reducing the friction of the bond of the wheel with the products of processing. It has been 

shown that the main way of reducing the value of elastic displacement and accordingly increasing the 

accuracy of processing is to reduce the steady-state value of elastic displacement. Also it has been established 

that providing the desired precision of processing is possible simultaneously to increase the processing 

productivity by creating an initial tightness in the technological system equal to the steady value of the elastic 

displacement, and under following carrying out the grinding process according to the scheme of sparking-out. 

 

Keywords: grinding, processing accuracy, processing productivity, elastic displacement, technological 

system, initial tightness, sparking-out, conditional cutting stress.  

 

 

Introduction 

The application of the grinding process 

at the finishing operations of treatment of 

machine parts helps to improve the 

accuracy of treated surfaces. A large extent 

of this is due to the decrease of the 

technological system‘s elastic 

displacements at the expense of high 

cutting ability of the grinding wheel, 

because an intense friction of the wheel 

bond with the processed material is 

observed during grinding, that leads to an 

increase of the strength and thermal 

intensity of the cutting process [1-3]. There 

are some practical recommendations on the 

effective implementation of the grinding 

process with considering technological 

limitations by the criterion of the accuracy 

of the treated surfaces in the scientific and 

technical literature. Proposed the high-

performance grinding cycles [4] based on 

the controlling of elastic displacements 

during in process of treatment. For assess of 

the effectiveness of their practical using it is 

necessary to have analytical dependencies 

for determining the elastic displacements 

during grinding and the conditions for their 

reduction. Therefore the tasks to establish 

the analytical dependence for determining 

the quantity of elastic displacement arising 

in the technological system in the case of 

flat grinding, and justifying the conditions 

for increasing the accuracy of the treated 

surfaces of machine parts, in particular 

precision parts of hydraulic equipment, are 

mailto:rigor0212@gmail.com
mailto:gutsalenko@kpi.kharkov.ua
mailto:ciancu@utgjiu.ro
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posed and considered in the presented 

work. 

 

Analytical research  
Flat grinding, as a rule, characterize by 

multi-pass removal of the allowance. So in 

the works [5, 6] refined analytical 

dependencies are given to determine the 

value of the elastic displacement y  that 

occurs in the technological system in the 

case of flat multi-pass grinding. For 

simplicity and convenience of calculations, 

it is also important to establish an 

approximate (simplified) analytical 

dependence of identifying the value of the 

elastic displacement y . For this purpose it 

is necessary to use the equation of 

equilibrium in the technological system in 

the radial direction according to which the 

radial component of the cutting force 

grzy К/PP   is equal to the elastic- 

restoring force  ntntcycP fy  , 

where 
c

fdet

c

z
V

tVB

V

Q
P


   – the 

tangential component of the cutting force, 

H; grК – coefficient of cutting;  – 

conditional cutting stress, N/m
2
; 

fdet tVBQ   – actual processing 

productivity, m
3
/s; B  – width of grinding, 

m; detV , cV  – the speeds of the part ( detV ) 

and the wheel ( cV ), m/s; t , ft – nominal 

( t ) and actual ( ft ) depth of grinding, m; 

с – rigidity of the technological system, 

N/m; n – the number of passes of the wheel 

[5-7]. 

The actual depth of grinding was 

initially determined from the condition of 

equality of these two forces:  






















nVсК

VB

t
t

cgr

det

f


1

.              (1) 

As can be seen, the actual grinding depth 

ft  continuously increases with increasing 

of a number of wheel passes n and 

asymptotically approaches to the nominal 

grinding depth t  (Fig. 1, a). 

 
Fig. 1 – Dependences of the parameters ft  (a), Q (b), y  (c) and yP  (d)  

on the number of passes of the wheel n  

 

The processing productivity also 

changes by the same law (Fig. 1, b): 
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where 0Q  – nominal processing 

productivity, m
3
/s;

 
tVBQ det 0  

The value of the elastic displacement is 

been determined by the dependence: 

 

 


















det

1
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nVсК
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.  (3) 

 

It follows from the dependence (3) that 

under the condition n = 0 the value of the 

elastic displacement y = 0, and under the 

condition n  the value of the elastic 

displacement y due to the predominance of 

the second term in the denominator of the 

dependence (3) is expressed: 

 

с

P

VсК

Q

VсК

tVB
yy sy

cgrcgr

det
s 









 0

, (4) 

                 

where sy , 
syP – the steady values of the 

elastic displacement ( sy ) and the radial 

component (
syP ) of the cutting force yP ; 

cgr

y
VК

Q
P

s 


 0

. 

Consequently, as the number of passes 

of the circle increases, the value of the 

elastic displacement continuously increases 

with asymptotically approach to the steady-

state value sy  (Fig. 1, c). 

Taking into account (4) dependence (3) 

can be represented in more convenient for 

analysis form: 
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As can be seen, at the beginning of the 

treatment, i.e. under the condition n = 0, the 

value of the elastic displacement is y =0, 

and under the condition n  

respectively syy   (Fig. 1, c). The radial 

component of the cutting force, yсPy  , 
 

also changes by the same law: 
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The radial component of the cutting 

force yP  increases continuously to the 

number n  of wheel passes with 

asymptotically approach to the steady-state 

value 
syP (Fig. 1, d). 

It should be noted that the dependence 

(5) corresponds to the refined analytical 

dependence given in [5] for determining the 

value of the elastic displacement y  arising 

in the technological system under 

conditions of flat multi-pass grinding 

obtained by more complicated another 

calculation method: 
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As in (5), the value of the elastic 

displacement y  in estimation by (7) 

increases continuously with increasing 

number n  of wheel passes and with 

asymptotically approach to the steady-state 

value sy  (Fig. 1, c). To estimate the 

reliability of the obtained approximate 

dependence (5) it is compared with the 

refined dependence (7). 

For example, in the case of the initial 

data t = 10 μm and sy  = 40 μm the 

dependences (5) and (7) take the form: 
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Results of the calculation of the 

dependences (8) and (9) for different 

numbers n  of passes of the wheel are 

shown in Table 1 and Fig. 2. 

 

Table 1. The calculated values of the elastic displacement y  (in μm) 

n  0 1 2 5 10 50 100 

The dependence (8) 0 8 13,3 22,2 28,6 37 39,9 

The dependence (9) 0 8 14,4 26,9 35,7 39,94 – 
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Fig. 2 – Dependence y  on n :  

1 – calculation of the dependence (8);  

2 – calculation of the dependence (9) 

 

As can be seen, calculations based on 

the dependence (8) lead to large values of 

the elastic displacement y  and, 

accordingly, to an early approximation of 

the value y  to the steady-state value of 

the elastic displacement sy  with 

increasing number of passes of the wheel 

n. However, the dependences (5) and (7) 

structurally identical, because contain the 

same parameters t  and sy , and the 

dependence (5) in a simpler and more 

convenient form for analysis. This 

indicates the expediency of applying 

dependence (5) to solve practical 

problems and opens up new technological 

opportunities for searching the most 

promising areas for improving the 

efficiency of the grinding process, as well 

as the processes of blade machining, 

especially with multi-edge end tools. 

 Taking into account the identical 

character of the change in the y  value 

from the number of wheel passes n  in 

the dependences (5) and (7), it is 

necessary to determine the possibilities of 

mathematical transformation of the 

dependence (7) to the form of the 

dependence (5). 

As can be seen, the value  nsy/t1  

from the denominator of the dependence 

(7) is a binominal series: 
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where 1 sy/t , and:  

for n = 1 we have:  

    111
1

;  

for n =2 we have:  
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  22
211   ;  

for n =3 we have:  

  323
3311   ;  

for n =4 we have:  

  4324
46411    , 

etc. 

Due 1  the first two terms are the 

defining in the given dependences. 

Therefore, in the first approximation, the 

binomial series can be considered in the 

form: 

    n
n

11              (11)                                                   
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After substitution of the expression 

(12) into dependence (7): 
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So, as a result we received a 

dependence (5). Consequently, the 

accepted above simplifications are 

equivalent to simplifying the binomial 

series  nsy/t1  with the transition to 

value sy/tn 1 . As the calculations of 

these values (Table 1), their divergence 

from the dependences (8) and (9) slightly 

and is acceptable for practical purposes. 

It follows from the dependence (13), 

the main way of decreasing the value y 

and, correspondingly, increasing the 

accuracy of processing is to reduce the 

steady-state value of the elastic 

displacement sy  [8]. Increasing the 

productivity of processing can be due to 

the creation of the initial tightness equal 

to the value sy in the technological 

system and carrying out the process of 

grinding in the scheme of sparking-out. 

In this case, the decision to implement 

this scheme by combined grinding 

methods involving the machining surface 

in electric discharge processes [9, 10] 

must take into account the requirements 

for its physical and mechanical quality. 

The received results of researches are 

used for development of technological 

processes of finish processing of high-

precision parts of hydraulic equipment. 

 

3. Conclusion 

In presented research there are 

substantiated the conditions of increasing 

the efficiency of the flat grinding process 

which based on controlling the elastic 

displacements in technological system. 

The simplified and refined analytical 

dependencies for determine the elastic 

displacements which appears in 

technological system during flat grinding 

were obtained for this. The degree of 

discrepancy of the simplified and refined 

analytical dependencies mathematically 

substantiated, and the possibility of 

practical use of the simplified 

dependence for the selection of optimal 

processing conditions proved.  

It is established that with the increase 

of number of wheel passes under 

conditions of multi-pass grinding the 

value of the elastic displacement, actual 

grinding depth, actual processing 

productivity and the radial component of 

the cutting force continuously increase 

with asymptotically approach to the 

established (nominal) values. To reduce 

the value of elastic displacement without 

reducing the nominal processing 

productivity in these conditions possible 

through reducing the conditional cutting 

stresses and increasing the speed of the 

wheel and the rigidity of the 

technological system. This is achieved by 

effective dressing of the wheel with 

increasing the cutting ability of the 

grinding wheel and reducing the friction 

of the bond of the wheel with the 

products of processing. It is shown that 

the main way of reducing the value of 

elastic displacement and, accordingly, 

increasing the accuracy of processing is 

to reduce the steady-state value of elastic 
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displacement. It is also established that 

possible to increase the processing 

productivity while simultaneously 

providing the desired precision of 

processing by creating an initial tightness 

equal to the steady value of the elastic 

displacement in the technological system 

and carrying out the grinding process 

according to the scheme of sparking-out.  

The received theoretical decisions are 

recommended to use for development and 

introduction in manufacture of effective 

technological processes of grinding of 

high-precision details providing increase 

of accuracy and productivity of 

processing at the expense of reduction of 

the elastic movements arising in 

technological system at grinding. 
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Abstract: The article provides the justification of the parameters of the polishing regimes when machining 

surfaces of parts made of copper and aluminum in order to smooth their surface layer. It has been established 

that the technological support of the surface of laser mirrors with high reflectivity   at a wavelength of 

10.6 microns, the surface of parts with low absorptivity sA  in the wavelength range from 0.2 to 2.5 microns 

is associated, first of all, Values of the contact potential difference (CPD). The ratio of the height parameters 

of the surface roughness maxa R/R  can be used to control the surface defects after applying the finishing 

methods of processing. Smoothing of the surface layer should be carried out step by step, reducing the grain 

size of the abrasive. After grinding, it is necessary to perform abrasive polishing with diamond paste ACM 

5/3 for 1 minute. After thorough cleaning of the surface from the residuals of the working medium, the 

treatment with diamond paste ACM 2/1 should be applied for 1 minute and at the final stage the treatment 

should be carried out with a suspension of nanopowder 
32OAl . 

 

Keywords: polishing, laser mirror, reflectivity, surface roughness, finishing machining methods, grain size 

of abrasive.  

 

 

Introduction  
The development of scientific research 

related to the provision of the required 

parameters of the macro and 

microgeometry of the surface, the state of 

the surface layer of products with optical 

properties of surfaces, is currently receiving 

increasing attention. Improving the 

processing quality of optical metal products 

is an important scientific and technical task 

[1-3]. 

The mechanism of cutting during the 

finishing processes is described in the work 

of Kedrov S.M. [4]. In his opinion, when 

processing surfaces with putty rubbing with 

an abrasive mixture, the grains that are 

between the lapping and the surface to be 

treated are embedded in both surfaces 

simultaneously. Depending on the shape 

and size of the grains, relative movement of 

the surfaces may lead to rolling or shearing 

of grains. This leads to scratching or 

squeezing out the pits on both surfaces. In 

softer materials, the process of seeding 

grain is more intense. 

The influence of a viscous liquid in the 

composition of an abrasive mixture by 

Kedrov S.M. reduces to the shift of abrasive 

grains from the surface of the lapping and 

to the hydrodynamic effect due to the 

creation of oil wedges of various 

thicknesses. In this case, the weighted state 

of the abrasive particles will depend on the 

viscosity of the liquid. 

Grebenshchikov I.V. [5] proposed a 

theoretical model of polishing. When the 

hardness of the abrasive is below the 

hardness of the film of oxides formed under 

the influence of atmospheric oxygen, then 

the metal is only removed from the surface 

to be treated as this film. If the surface to be 

treated is connected to the anode, the rate of 

film formation will increase, and the 

associated chemical processes will have a 

positive effect on the effect of the polishing 

process. 

As can be seen from the results of the 

studies given in [6], the contact potential 

difference can be achieved by abrasive 

treatment (polishing, finishing), blade 

mailto:svgvalic@rambler.ru
mailto:fokusnic1@rambler.ru
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processing (turning using superhard 

materials, including natural diamonds), 

surface-plastic deformation [7]. 

In addition to the machining methods, 

electrochemical or chemical polishing can 

be used to provide high reflectivity, which, 

due to the specific nature of the process, 

create surface layers with a favorable fine 

structure and provide the maximum values 

of the contact potential difference (CPD). 

The surface roughness criterion is used to 

estimate roughnesses on the surface F [8, 

9]. 

By definition, the roughness criterion for 

a surface F [10]. The relationship between 

the surface roughness criterion F and the 

optical characteristics (absorption 

coefficients smA  (smooth surface) and 

rough surface radiation rε ) can be 

described using the well-known formula 

[8]: 

   F1A11

ε
=ε

r

sm
r


,           (1) 

where rε  - coefficient of radiation of a 

rough surface; smε - coefficient of radiation 

of a smooth surface; smA - absorption 

coefficient of a smooth surface. 

At present, traditional methods for 

obtaining high reflectivity of laser mirrors 

from various materials (copper, aluminum 

and its alloys, molybdenum, etc.) find 

cutting machining, both blade-cutting with 

cutters made from natural diamonds, and 

treatment with free abrasives - polishing 

(finishing) Using resin polishers and 

process media containing diamond 

micropowders [11]. 

The purpose of the work is to develop 

recommendations for ensuring the quality 

of the surface of optical metal products.  

 

Analytical research 

In [6], the analytical dependence of the 

ratio of the height parameters of the 

roughness maxa R/R  on the relative length 

of the roughness profile 0l  and the angle at 

the apex of the abrasive grain γ  was 

obtained in the following form:  
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where 0l – the relative length of the profile 

of roughness; aR - average arithmetic 

deviation of the roughness profile; maxR – 

the maximum value of the altitude 

parameter of the roughness; γ - half the 

angle at the top of the abrasive grain. 

The relationship between the surface 

roughness criterion F  and the ratio of the 

surface roughness parameters maxa R/R  has 

the following form [6]: 

max

a

R

R
1F  .              (3) 

It follows from these dependencies that 

the optical characteristics of the surfaces 

are determined not simply by the roughness 

parameters maxa R/R , but by their ratio 

maxa R/R , which can vary over a fairly 

wide range: 0 ... 0.29. This indicates the 

possibility of a significant improvement in 

the optical characteristics of the treated 

surfaces and, accordingly, the performance 

characteristics of the critical parts, 

considering the relative profile length 0l  

and the ratio of the arithmetic mean 

deviation of the profile to the maximum 

value of the surface roughness parameter 

( maxa R/R ) as a criterion for estimating the 

roughness. As shown above, the surface 

roughness criteria 0l , maxa R/R  and F are 

analytically related. Thus, as the maxa R/R  

decreases, the roughness criterion F 

increases, and l0 decreases. Accordingly, 

the emission factors  εr  and absorption  Аr  
of the treated surface are reduced, and the 

coefficient of reflection of light  ρr  

increases. From the point of view of the 

geometry of the surface, in order to increase 

its reflectivity, it is necessary to reduce the 



  
Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

 

108 

 

ratio maxa R/R  (due to the removal of traces 

of abrasive grains) and the relative profile 

length 0l , while the surface roughness 

criterion F will increase. 

To determine the influence of 

technological polishing factors on the 

variation of the height parameters of the 

surface roughness, we construct the 

dependences of Fig. 1 and Fig. 2. 

2

1

0,5

1,0

0 50 100
Granularity of abrasive, micron

mkm

,R,R maxa

 
Fig. 1 – Effect of abrasive grain on the intensity of changes in the values of the height 

parameters of the surface roughness of a sample made of steel 30ХГСА: processing 

conditions: pressure 40 MPa; cutting speed 35 m / min; processing time 20 s; 

1 – 
aR ; 2 – 

maxR ; before processing aR =0,68 microns, 
maxR  = 3,64 microns 

  

 
Fig. 2 – Effect of abrasive treatment on the height parameters of the surface roughness: 

sample material: 1, 2 – steel 30ХГСА; 3, 4 - titanium alloy VT4, processing mode: 

pressure 40 MPa; cutting speed 35 m/s; processing time 20 s; granularity of abrasive 

АСО 50/40; 2, 4 - before processing; 1, 3 - after treatment 

 

From the graph (Fig. 1) it is seen that the 

intensity of the change maxR  does not 

correspond to the intensity of the change in 

values aR . As the grain size of the abrasive 

decreases maxR  the values change 

insignificantly with respect to the 

corresponding one aR . At the same time, 

increasing the grain size of the abrasive for 

the same initial surface (before processing) 

increases the value of the ratio aR / maxR  

(after treatment). 

When processing different samples with 

different initial roughness of surfaces with 

increasing values of the height parameters 

of the roughness before processing, the 

value of the ratio aR / maxR  decreases (for 

equal granularity of the abrasive, pressure 

and processing time). 

Analysis of the dependencies (Fig. 1 and 

Fig. 2) makes it possible to justify the 

choice of grain size of the abrasive for the 

stages of polishing the surfaces of the parts 

[12, 13]. The grain size of the abrasive must 
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correspond to the value of the high-altitude 

parameters of the surface roughness before 

processing. 

The following sequence of cycles of 

technology of surface treatment with small 

values of parameters of roughness is 

offered. The first treatment cycle is carried 

out with diamond micropowders with a 

grain size of 5/3, using a polyvinyl alcohol 

surfactant as a surfactant, which increases 

the rate of removal of the material to the 

amount of removal, as in the case of using a 

larger grain size abrasive, and this reduces 

the duration of the processing cycle. The 

second cycle should be carried out using 

diamond micropowders with grain size 2/1 

with similar processing conditions as in the 

first cycle. On the third cycle of processing 

it is recommended to use nanopowders 

Al2O3, with processing conditions of the 

first and third cycles. 

We have studied the mechanism of the 

formation of a surface with high reflectivity 

by machining on mirrors made of copper 

and aluminum alloys [11]. 

The change in parameters and optical 

characteristics of surfaces after natural 

diamond turning and diamond polishing, 

which had the maximum values of the 

roughness criterion of the surface. 

After diamond turning of mirrors from 

an aluminum alloy AMZ, the reflectance (at 

a laser radiation wavelength  =10,6 

microns) had a value of 96.6%, and after 

diamond polishing - 92.6 %. 

The value of the absorption coefficient 

was 0.1 and 0.20, respectively.  

The favorable combination of physical 

and chemical properties of natural diamond 

and processed surfaces, the decrease in the 

intensity of the action of chemically active 

substances, leads to a decrease in the 

reflectivity of surfaces treated with 

diamond tools, which leads to a decrease in 

the various kinds of inhomogeneities in the 

double electrical layer of the surface and 

reduces the work function of the electrons. 

On the surface of the aluminum sample, the 

contact potential difference (CPD) value is 

1050-1100 mV, and after polishing using 

diamond micropowders – about 880-900 

mV.This disadvantage of abrasive 

processing is manifested as a result of the 

influence of currently used abrasive 

compounds on the physico-chemical 

properties of the metal surface being 

treated, associated with oxidation 

processes. This is explained by the fact that 

with this type of treatment free electrons 

lead to oxidation of the surface layer. The 

thickness of the resulting oxide film is, as a 

rule, much larger than the height of the 

irregularities on the real metal surface. 

In abrasive polishing, the surface to be 

treated adsorbs, reactive substances 

contained in the process phases and air 

oxygen, which affects the development of 

chemical-mechanical phenomena 

accompanying the plastic deformation of 

microprotrusions of the surface. The 

adsorption process is intensified by the 

mechanical removal of oxide films from the 

surface, which is provided by a relative 

change in the contact of the polishing pad 

and the surface to be treated. 

When comparing the images of surfaces 

of samples from the AMg3 alloy after 

diamond cutting and abrasive polishing, 

significant differences were found. On 

polished surfaces, in addition to traces of 

abrasive grains, there are a large number of 

small "ripple" points that are absent on the 

surface treated by turning. The presence of 

"ripples", apparently, is the result of the 

interaction of organic components of 

polishing compounds, abrasive grains and 

the surface to be treated. On the surface 

treated by turning, traces of a cutter with a 

depth of 0.1-0.2 microns and a width of 60 

microns can be observed, the slopes are 

smooth, almost unevennesses 

commensurate with the wavelengths of the 

incident radiation. 

Significant differences in the state of the 

surfaces after turning and polishing are 

confirmed by X-ray diffraction studies. 

After abrasive polishing, the surface is 

deformed to a lesser degree than after 
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diamond turning. However, the chemical 

activity of aluminum in air, the non-

abrasive components of the working 

medium, as well as the caricature of the 

surface with an abrasive form a 

substructure in the form of a conglomerate 

of metal oxides, fragments of abrasive 

grains, and alkali metal compounds. 

Mass and Auger spectroscopy was used 

to determine heterogeneous substances and 

other impurities that do not belong to the 

main material, but formed during the 

surface treatment. 

The results of such studies also confirm 

the significant differences in the 

composition of the surface layers after 

turning and polishing. It is established that 

in both cases the surfaces of the samples are 

covered with a complex film of chemical 

compounds whose composition depends on 

the method and processing conditions. 

On the surface of the sample, treated 

with a diamond tool, mainly a film of 

aluminum and magnesium oxides of small 

thickness is formed. On the surface of the 

samples after polishing, a thicker chemical 

composition is formed than in the first case, 

in addition to aluminum and magnesium 

oxides, there are various compounds of 

bulk impurities in the sample material 

(alkali metals, their oxides, etc.). 

The use of surface plastic deformation as 

well as diamond turning provides a surface 

with improved physicochemical 

parameters. However, limitations in the 

processing technology of this method make 

it possible to effectively apply it only on 

hard surfaces. 

Table 1 shows some parameters of the 

surface layer of mirrors from copper Mob 

that were subjected to cutting, The data in 

the table show that blade processing leads 

to significant plastic deformation of the 

surface layers of the metal. As can be seen 

from the table, turning a hard alloy and 

diamond leads to a significant hardening of 

the surface to be treated. 

Polishing with an abrasive slurry 

introduces significantly less changes into 

the structure of the surface layers, which 

are distributed in a surface layer of up to 60 

microns thick when treated with diamond 

micropowder ACM 5/3. Subsequent 

polishing with diamond micropowder ACM 

2/1 removes the level of structural 

distortions and reduces the depth of the 

deformed layer. A more uniform 

distribution of structural distortions of 

surface layers is formed by polishing fine-

grained samples. 

The decrease in the contact potential 

difference (CPD) value for diamond turning 

compared to abrasive polishing is due to the 

fact that the structure of the surface layer is 

distorted as a result of deformation, the 

presence of deformation is confirmed by X-

ray structural analysis of the surface. The 

deterioration of the surface substructure 

during polishing leads to an increase in the 

work function of the electron. 

To reduce the heterogeneity and the 

degree of structural distortion along the 

surface and the cross section of the 

samples, it is advisable to perform thermal 

treatment (annealing) after preliminary 

blade treatment. The modes of heat 

treatment should be selected so that when 

recrystallization in the surface layer a fine-

grained structure is formed (grain size 10 

microns). 

In connection with the fact that 

caricaturing in the polishing process with 

diamond grains affects the physico-

chemical state and thereby reduces the 

reflectivity, we investigated the character of 

the arrangement of the carried particles and 

the density of their distribution on the 

sample. As the metallographic analysis 

showed, the density of the carved particles 

from section to site varies in different ways 

(from 10
2
 to 10

4
 grains per 1 mm

2
), no 

regularities in the distribution of the carried 

particles were found. 
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Table 1 – The parameters of the surface of the mirrors of copper Mob  

after the blade and abrasive treatments 

Surface Parameters 

Blade processing Abrasive polishing with 

a suspension based on 

diamond micron 

powders ACM 2/1 

Turning 

the carbide 

tool 

Diamond  

turning 

Depth of defective layer, μm 400 ± 50 300 ± 50 5 ± 7 

The half-width of the diffraction line, 

V∙10
4
 radians 

168 160 10 

Microhardness, Pa 1300 

(Р=0,99) 

930 

(Р=0,99) 

570 (Р=0,98) 

Criterion of roughness, F 0,95 I I 

Contact potential difference (CPD), mV    – 120 180 

Reflectivity    , % 95,9 99 99,2 

 

Around the place of introduction of 

the diamond particle in the first stage of 

polishing, the material deforms more 

intensively, the density of the scales is 

several times larger in this region than the 

average on the surface. A surface layer 

analysis showed that the abrasive 

particles are distributed in it to a depth of 

up to 5 microns. The sizes of the 

implanted particles are 3 to 5 microns. At 

temperature exposure (temperature 

gradient over the cross section of the 

sample to   50 K/mm), the swirling 

surface undergoes swelling at the places 

of introduction of the carved particles. 

Removing the surface layer with a 

thickness of 1-3 microns by 

electropolishing and subsequent polishing 

of the surface resulted in a decrease in the 

density of the carved particles of 10
2
 ± 

10
3
 grains per 1 mm

2
. 

It was concluded in [14] that when the 

surface layer of a part is smoothed out, 

the cycle time of the subsequent 

polishing process will decrease more 

intensively than a decrease in the height 

parameters of the initial roughness before 

processing; For each granularity of the 

abrasive material, there is a limit to 

stabilizing the values of the altitude 

parameter of the surface roughness, and 

this is very important when assigning a 

sequence of use of working media when 

smoothing the surface layer of the parts. 

This limit will depend on the initial state 

of the surface of the part before 

processing. 

Taking into account that the 

dependence of the height parameters of 

the surface roughness during polishing on 

the treatment time is stabilized by the 

first minute of treatment [6, 13], the 

smoothing of the surface layer should be 

carried out step by step, reducing the 

grain size of the abrasive. After grinding, 

it is necessary to perform abrasive 

polishing with diamond paste ACM 5/3 

for 1 min. After thorough cleaning of the 

surface from the residues of the working 

medium, the treatment with diamond 

paste ACM 2/1 should be applied for 1 

minute. And in the third step, the 

treatment is carried out with a suspension 

of nano powder. 

 

Conclusions 
It is developed the technological 

support for the surface of laser mirrors 

with high reflectivity   at a wavelength 

of 10.6 microns, surfaces of parts with 

low absorptive capacity sA  in the 

wavelength range from 0.2 to 2.5 microns 

is associated, first of all, with maximum 

values Contact potential difference.   

The ratio of the high-altitude 

parameters of the surface roughness 

maxa R/R  can be used to control surface 
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defects after applying finishing methods 

of processing. 

Smoothing of the surface layer should 

be carried out step by step, reducing the 

grain size of the abrasive. 

The results of the studies should be 

used in the technological operations of 

finishing abrasive (abrasive polishing 

fine-grained diamond pastes) surfaces of 

laser mirrors with high reflectivity and 

surfaces of parts with low absorbency. 
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Abstract: The paper provides an analytical dependence for determining the cutting temperature during 

grinding taking into account physical material science and processing kinematic-geometric conditions of 

treatment. According to this dependence, with increasing the depth of grinding and corresponding processing 

productivity the cutting temperature initially increases, and then it asymptotically approaches to constant 

value that mainly determined by the energy intensity of the treatment. This theoretical solution is consistent 

with practical data and opens up new technological opportunities for controlling the thermal tension of the 

grinding process, as it opens the prospect of further increasing the processing productivity without actually 

increasing the cutting temperature. It is possible to realize this solution under condition of essential reduction 

of conditional cutting stresses (power consumption of processing). In contrast to the known approaches as a 

rule based on the experimental establishment of heat shares leaving into the workpiece and formed chips, the 

developed theoretical approach will allow us to more objectively assess the technological possibilities of 

reducing the cutting temperature during grinding and develop recommendations for their practical 

implementation. The basis of the design scheme is the well-known representation of the removable allowance 

by a set of adiabatic rods which are cut off during processing. 

 

Keywords: grinding process, theoretical thermomechanics, thermal tension, cutting temperature, processing 

productivity, processing quality, conditional cutting stress, power consumption of processing.  

 

 

Introduction 

As is known, the grinding process is 

characterized by high heat stress, which 

leads to a decrease in the quality of 

processing by the appearance on the 

treated surfaces of burns, microcracks 

and other temperature defects. To reduce 

the heat stress of the process there are 

used grinding wheels characterized by 

high cutting ability, effective 

technological environments in order to 

reduce friction intensity in the cutting 

zone, etc. [1-4].  

At the same time, it is not always 

possible to achieve the necessary 

reduction in the heat stress of the 

grinding process and, correspondingly, 

the cutting temperature. Therefore, it is 

important to know the laws of the 

grinding process associated with the 

reduction of the cutting temperature, 

which requires the development of a 

mathematical model for the formation of 

the cutting temperature during grinding, 

taking into account the heat distribution 

that leaves into the workpiece and the 

formed chips [5].  

Such a theoretical approach, unlike the 

known approaches which based, as a rule, 

on the experimental establishment of heat 

shares leaving into the workpiece and 

chips, will allow more objective 

evaluation of the technological 

possibilities of reducing the cutting 

temperature during grinding and to 

develop of recommendations for their 

practical implementation. 

 

mailto:dimerus@dimerus.com
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Analytical research  

The removable allowance from the 

workpiece is represented as an infinite set 

of adiabatic rods of length 21 ll   and 

cross-sectional area  S  located normal to 

the surface which being treated [1, 5, 6]. 

The calculation scheme is shown in 

Fig. 1. When deep grinding, it is 

necessary to take into account the cutting 

by the grinding wheel of a part of the 

adiabatic rod tl 1  with the speed  

c
det

D

t
VV  ,                  (1)                                                         

where detV  is the speed of the part, m/s; t  

– depth of grinding, m; cD  – diameter of 

the circle, m; 2l  is the depth of 

penetration of heat into the surface layer 

of the workpiece, m [7–9]. 

This is equivalent to moving of 

the heat source along the normal to the 

treated surface (i.e. along the adiabatic 

rod) at a speed V .  

1
2

3

2l

tl 1

0 detV

cV

V

 
 

Fig. 1 – Calculation scheme of cutting 

temperature for flat deep grinding: 

1 – grinding wheel; 2 – treated workpiece;  

3 – adiabatic rod 

The amount of heat 1Q  expended 

on heating of the adiabatic rod with 

length 21 ll   is equal to 

  21 50 lSc,tSсQ ,   

(2)                                

where  c  – specific heat of the processed 

material, J/(kg∙K);   – density of the 

processed material, kg/m
 3
.  

The coefficient 0.5 takes into account 

the uneven heating of the lower part of 

the adiabatic rod along the length 2l . 

The amount of heat 2Q  expended on 

heating a part of the adiabatic rod on 

length 2l  according to the thermal 

conductivity of the processed material is 

expressed by: 

2
2

2 


 
l

SQ ,                (3) 

where    − coefficient of thermal 

conductivity of the processed material, 

W/m∙K; 2  – the time of action of the 

heat source when the part of the adiabatic 

rod is heated on a length 2l , s. 

The amount of heat 2Q  is also 

expressed by the dependence 

22  SqQ . Then we have solving the 

dependence (3) with respect to length 2l : 

q
l

 
2 ,                 (4) 

where   
c

cz

DtB

Q

F

VP
q










 – 

density of heat flow, W/m
 2

; 
c

z
V

Q
P    

– tangential component of the cutting 

force, N;   – conditional cutting stress 

(energy intensity of treatment), N/m
2
; 

tVBQ det  – processing productivity, 

m
3
/s; cV  – speed of the grinding wheel, 

m/s; cDtBF   – contact area of the 

grinding wheel with the processed 

material, m
 2

; B  – width of grinding, m; 

cD – diameter of the wheel, m. 

We obtained a quadratic equation for 

the cutting temperature during grinding 

  taking  11  SqQ  and substituting 

the dependence (4) in (2): 

0
22 1

2
2 



 








c

qtq
 ,   (5)  
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where V/t1  – the contact time of the 

grinding wheel with the adiabatic rod, 

equal to the time of its cutting by the 

grinding wheel, s. 

The solution of 

the quadratic equation (5) is: 

 

 



























1
2

1

12

51,
det

c

c

det

tVc

Dt

D

Vc

q




 . 

(6)   

The cutting temperature during 

grinding   described by the dependence 

(6) takes the following form with account 

cDtB

Q
q







: 


























1
2

1

2

51,
det

c

tVc

Dc






 .    

(7) 

As can be seen (Fig. 2), the 

cutting temperature during grinding   

increases continuously with increasing of 

the component speed detV  and grinding 

depth t, and asymptotically approaches to 

the maximum value    с/  

determined by the heating temperature of 

a part of the adiabatic rod of length t .  





с

0 t  

Fig. 2 – General view of the dependence 

of the cutting temperature   from the 

depth of grinding t  

 

In this case, all the heat generated 

during the grinding process goes to the 

formed chips. In terms of providing high-

quality processing this is an ideal case of 

grinding because the heat generated 

during processing and usually leads to the 

formation of temperature defects on the 

treated surface will not actually leave into 

the surface layer of the workpiece. 

However, it is difficult to fulfill this 

condition during grinding due to 

relatively small ranges of the parameters 

of the cutting regime  detV  and t . This 

condition is feasible when high-speed 

cutting by blade tools.  

In fact, this determines the 

effectiveness of the practical use of high-

speed processing, which is widely used in 

finishing operations to ensure high 

quality processing, for example, instead 

of the grinding operation for avoiding the 

formation of temperature defects on the 

treated surfaces. 

The dependence (7) can be 

transformed with account of processing 

productivity const tVBQ det : 


























1
2

1

2

50,
c

tQc

DBc






 .    (8) 

It is obviously from (8) that 

reducing the depth of grinding t  

effectively increase the temperature at 

grinding cutting    for a given 

processing productivity Q . However, the 

depth of grinding t  slightly affects on  . 

Therefore, grinding can be carried out 

using multipass and depth schemes in 

fact with the same efficiency.  

As also follows from (8), the 

conditional cutting stress has the greatest 

influence on the cutting temperature 

during grinding: the smaller  , the 

proportionally smaller  . 

 

Conclusion 

The obtained dependence of the 

cutting temperature during grinding is 

applicable to certain fixed states of the 

technological processing system 

characterized by a constant depth and 

processing productivity. Such a state is 

most fully inherent in the implementation 

of grinding methods with the possibility 
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of rational stabilization of the cutting 

ability of diamond-abrasive tools, 

especially with their electrical cathodic 

electrochemical or anode electro-erosion 

dressing in the cutting zone [10].  

В связи с аналитически 

установленной центральной ролью 

условного напряжения резания   в 

формировании термомеханической 

нагрузки процесса шлифования важно 

провести углубленный теоретический 

анализ закономерностей изменения   

с целью выявления путей 

производительной рационализации 

одно- и многопереходных операций 

алмазно-абразивной обработки, а 

также многооперационных циклов 

шлифования в направлении 

организации энергетически более 

выгодных производств. 

It is important to perform an in-

depth theoretical analysis of the patterns 

of change   in connection with the 

analytically established central role of the 

conditional cutting stress in the formation 

of the thermomechanical load of the 

grinding process and in order to identify 

of ways for efficient rationalization of 

single- and multi-transition diamond-

abrasive operations, as well as multi-

operation grinding cycles.  Developments 

in this direction contribute to the 

organization of energetically more 

profitable productions. 

 

Bibliography  
 [1] Yakimov, A. V. Optimization of the 

grinding process. Moscow, 

Mashinostroenie, 1975, 175 p. – In 

Russian.  

[2] Abrasive and diamond processing of 

materials. Ed. by A. N. Reznikov. 

Moscow, Mashinostroenie, 1977, 390 p. 

– In Russian.  

[3] Evseev, D. G. Formation of the 

properties of surface layers in abrasive 

processing. Saratov, Publishing House of 

the  Saratov University, 1975, 127 p. – In 

Russian. 

[4] Silin, S. S. The similarity method for 

cutting materials. Moscow, 

Mashinostroenie, 1979, 152 p. – In 

Russian.   

[5] Yakimov, A. V., et al. Theoretical 

bases of material’s cutting and grinding. 

Odessa, Odessa Nat. Polytech. Univ., 

1999, 450 p. – In Russian. 

[6] Novikov, F. V., and S. M. Yatsenko. 

Increase in the efficiency of the 

technology for finishing the details of 

friction pairs of piston pumps. Physical 

and Computer Technologies. 

Proceedings of the 13th International 

Scientific and Practical Conference, 

April 19-20, 2007, Kharkov.  SE KhМP 

―FED‖, 2017, 8-20. – In Russian.  

[7] Novikov, F. V., and O. S. Klenov. 

Theoretical substantiation of conditions 

for increasing the efficiency of high-

speed processing. Bulletin of NTU 

"KhPI". 2014, No. 42(1085), 106-111. – 

In Russian. 

[8] Klenov, O. S. Mathematical 

modeling of the parameters of the 

thermal process under abrasive and blade 

treatments. Reliability of the instrument 

and optimization of technological 

systems. 2014, No. 35, 19-25. – In 

Russian.  

[9] Klenov, O. S. Determination of the 

parameters of the thermal process during 

grinding and blade processing. 

Perspective technologies and devices. 

Lutsk, Lutsk NTU, 2017, No.10 (1), 69-

75. – In Russian. 

[10] Bezzubenko N. K., and 

Yu. G. Gutsalenko. Intensive grinding and 

special design machines. Eastern-

European Journal of Enterprise 

Technologies. 2010, No. 5/1(47), pp. 70-

71. – In Russian. 

[11] Gutsalenko, Yu. G. Diamond-spark 

grinding of high functionality materials 

[Online resource]. Kharkov, Cursor, NPU 

«KhPІ», 2016, 272 p. [3,75 Мб], access 

code: 

http://web.kpi.kharkov.ua/cutting/dsghfm

-monograph.pdf. – In Russian. 

http://web.kpi.kharkov.ua/cutting/dsghfm-monograph.pdf
http://web.kpi.kharkov.ua/cutting/dsghfm-monograph.pdf


  
Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

 

117 

 

THE ACTUATING MECHANISMS OF THE URBAN BUSES DOORS 

 

DANIELA ANTONESCU, eng. "Iuliu Maniu" High School, Bucharest 

MARIANA TROFIMESCU, eng ."Dinu Lipatti”  High School, Bucharest 

GABRIELA FIROUZI, eng. "Gh. Asachi" High School, Bucharest 

OVIDIU ANTONESCU, dr. eng. Politehnica University of Bucharest
 

 

ABSTRACT:The paper analyzes the aspects of the articulated bar mechanisms for actuating the doors of 

urban buses. A mechanism of this kind have two main parts: the control mechanism mounted under or above 

the door and the crank-slider final mechanism which actuates the folding doors. This mechanisms have in 

their structure simple dyad chains or complex chains of triad type. For these types of planar linkages, 

equipping the urban buses, the topological structure is analyzed. 

 

KEY WORDS: urban bus, folding door-part, articulated planar mechanism, topological structure. 

 

 

1. INTRODUCTION 
 For a high frequency of stops and a high 

number of passengers getting on and off, as 

well as for ensuring the safety of the 

passengers on boarding and during the 

journey, the urban vehicles (Fig. 1) are 

equipped with doors consisting of two or 

more folding parts, pneumatically or 

electrically controlled. 

   A mechanism for actuating the city bus 

doors is generally composed [2, 9, 10] of 

two main parts: 

- the control mechanism, mounted either 

under the stairs or above the door (Fig. 1); 

- the crank-slide final mechanisms to which 

either the crank and the coupler or only the 

couplers or the cranks are rigidly linked to 

one part of the folding door. 

 
 

 

 The structural and kinematic analysis of 

the pneumatic mechanisms used to actuate 

the urban bus doors [4] highlights the 

unitary character of the control 

mechanisms. 

   Next, the general method of structural 

and geometric analysis of the control 

mechanisms, in open-closed positions, as 

well middle positions, is presented. 

   In the first part a comparison analyzes of 

the actuated mechanisms of the doors of 

urban and trolley buses is performed [2, 

7]. 

   Starting from the findings made by the   

structural and kinematic analysis, a general 

method of geometrical synthesis of these 

planar mechanisms with articulated bars 

can be elaborated on the basis of relative-

associated positions [1, 2, 5]. 

   Based on the presented method and the 

given solutions, the graphical synthesis of 

new control mechanisms, whose kinematic 

schemes are simpler, performing higher 

transmission angles [1, 2] and therefore 

having a better operating behavior, can be 

achieved. 

 

Fig. 1. Photo [10] of one model of buses 
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2. TYPES OF MECHANISMS FOR BUS 

DOORS 

 

2.1. Swinging door (conventional) with 

hinge joint 
   In the case of classical design buses (Fig. 

2a), but also to the most vans (Fig. 2b), the 

doors are opened by a swinging movement 

around a vertical axis by means of a hinge. 

       a   

                                                  
    b 

Fig. 2. Swinging doors in horizontal plane 

(conventional doors) 

 

2.2. Door with circular sliding motion 

   In modern buses the movement of doors is 

circular sliding, being done by means of an 

articulated parallelogram mechanism (Fig. 3). 

  

 
Fig. 3. Folding door (circular sliding 

movement) outside the bus 

 

     The kinematic scheme of the articulated 

parallelogram mechanism (Fig. 4a) shows 

that the vehicle door (represented by the 

MN segment) is rigid connected with the 

coupler AB.  

    In the practical case of bus doors, the 

positioning of the fixed joints A0 and B0 is 

made inside the body 0, in the area of the 

stairway (Fig. 4b). 

 

 

       

 

 

 

 

Fig. 4a. The kinematic scheme of the 

parallelogram mechanism 

 

   Each of the two door-parts is rigid 

connected with the coupler 2 of the 

parallelogram 00ABBA  in the closed 

position of the door with width .MN  In the 

open position of the door ,NM   the 

parallelogram mechanism is .00 BBAA   

   Note that the bar 1 cannot be in a straight 

line as it would interfere with the bus 

body, so that the shape of it is curved (Fig. 

4b) and it does not collide with the vehicle 

body. 

 

 

 

 

 

 

Fig. 4b. The double symmetrical 

parallelogram mechanism 

 

    The kinematic diagram of the 

parallelogram mechanism was drawn in 

three positions, two extreme positions 

(closed and open) and an intermediate 

position NM  at the maximum distance of 

the body. 

      For each door-part a parallelogram 

mechanism is corresponding, whose 

kinematic schemes are symmetrically 

represented (Fig. 4b). 
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      Due to the fact that the bar 1 )( 0AA is the 

driving kinematic element, it has a much 

larger cross-section than the bar 3, having 

primarily a geometric role. 

      Note that for the right part, the 

parallelogram mechanism was only in the 

closed position represented. 

 

2.3. Door with planar motion 

 

   The door of the bus can be made of two 

parts articulated each other, of which one of 

the parts performs a horizontal rotation and 

the other one performs a planar rotate-

sliding motion. 

      The most commonly used solution is the 

one in which the door is made of a single 

part having a horizontal planar movement 

(rotate-sliding). When the door is opened, 

the door-part is fully folded (Fig. 5a) or 

partially folded (Fig. 5b) inside the bus. 

 

 

 

 

 

 

 

Fig. 5a. Fully folding doors inside the bus 

 

  

 

 

 

 

 

 

Fig. 5b. Partially folding doors inside the bus 

 

 

Fig. 6. Doors with one-part inside folding      

    In an intermediate position of the door 

opening movement (Fig. 6) it is observed 

that the door-part is rigid connected to the 

coupler of a crank-coupler planar 

mechanism (Fig. 7). 

 

 

 

 

 

 

 

 

 

Fig. 7. The kinematic scheme of the crank-

coupler planar mechanism 

  

     The control and actuation mechanism of 

the door is usually located at the top of the 

bus body. 

3.  TOPOLOGICAL STRUCTURE OF 

BUS-DOOR ACTUATION 

MECHANISMS 

3. 1. The  door mechanism of a bus type 

TV-20 

 

This planar mechanism (Fig. 8) is 

consisting of two series-connected 

kinematic chains [1]: the "control" 

mechanism MC (1a, 2a, 3, 1b, 2b, 3) and the 

"final" mechanism ME (3, 4, 5, 6, 7). 

      Observing that the joint of A is double, 

the degree of mobility of the mechanism 

results [1]:         

            

11329323 453  CCnM     (1) 

                        

       The structural scheme (Fig. 8a) 

matches the analytically determined degree 

of mobility (1) and indicates that the 

mechanism is simple (class II), regardless 

of which of the elements 1a, 1b is the 

driving component. 

       The "motor mechanism" (Fig. 8b) has 

the same structural class regardless of the 

driving element 1a or 1b, the kinematic 
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chain from which it originates being  

symmetrical [6]. 

       The actuating agent of the mechanism is 

pressurized air, acting alternately on the 

pistons 1a and 1b. 

       In fact, due to the small displacements of 

the pistons, instead of the piston cylinders, 

there are used pneumatic chamber with 

elastic diaphragms from which the 

connecting rods 2a and 2b are fixed. 

 

 

 

 

 

 

                   a                                b 

                                                                                               
 

 
 

Fig. 8. The kinematic scheme of the planar 

mechanism with bars; 

The structural topological scheme (a) and the 

kinematic chain (b) 

         

       Both parallel-connected mechanisms (3, 

4, 5), (3, 6, 7) operate as a double rocker [1, 

5] because the rotation of the elements 5, 7 is 

limited to 90
0
 (Fig. 8). 

       The ME (3, 4, 5, 6, 7) transmit the 

oscillation movement of the central rocker 3 

to the left and right rockers (5, 7) linked in 

parallel.  

       They form a common body with the 

single doors or with the main parts of the 

folding doors, which are made as crank-

coupler mechanisms with curved guide near 

the fixed joint B0 (Fig. 9). 

       Transmission functions of the zero order, 

accomplished by the two mechanisms, are 

equal and have opposite signs: 

                 
 3735 ii

4

1

12

12 



      (2)                       

where: 12  = 23
0 

; 12  = 12'  =  90
0
. 

  
Fig. 9. The kinematic scheme of the door 

mechanism with curved guide 

 

 3.2. The door mechanism of a trolleybus 

type TV 

 

This type of mechanism (Fig. 10) consists 

of three series-connected mechanisms: MC 

(1, 2, 3) and ME (3, 4, 5, 6, 7); (6, 8, 9), 

having the same number of kinematic 

elements as in the previous case. 

       By means of the formula (1), the 

degree of mobility (M3 = 1) is verified, 

which can also be observed on the 

structural scheme (Figure 11a) showing in 

addition that the "motor mechanism" (Fig. 

10) is a complex planar mechanism (3
rd

 

class). 

       The structural scheme is asymmetric 

by observing the kinematic chain (Fig. 

11b), from which the analyzed "motor-

mechanism" was obtained. 

       The final mechanism consists of a 

parallelogram (5, 6, 7) and an anti-paralle-

logram (6, 8, 9) so that the transmission 

ratio is achieved between the driven 

elements 7 and 9: 

 

                       
1697679  iii

       
 (3)    

 

                                                                                 

  
 

Fig. 10. The kinematic scheme of the 

planar mechanism with triadic chain 
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a                        

b   

                                                                                                                              

Fig. 11. The structural scheme (a) and the 

planar kinematic chain (b) 

 

     The piston 1 operates with double effect, 

the compressed air acting on both sides, and 

by means of the connecting rod 2 the linear 

sliding motion is turned into a rotational 

motion, swinging the rocker 3. 

     Further, the movement is transmitted, by 

the coupler 4, to the parallelogram (5, 6, 7) 

and then, via the element 6, to the anti-

parallelogram (6, 8, 9) (Fig. 9). 

      The doors or the main parts of the folding 

doors are fixed to the driven elements 7 and 9 

(having limited rotation of 90
0
), according to 

the kinematic scheme (Fig. 10) or the 

structural scheme (Fig. 11a). 

 

3.3. The door mechanism of a bus type 

Ikarus 

 

This type of mechanism (Fig. 12) consists of 

MC (1, 2, 3) with oscillating cylinder and ME 

(3, 4, 5, 6, 7) formed by the parallelogram (0, 

3, 4, 5) and the anti-parallelogram (0, 3, 6, 7) 

obtained by extending the MC [1]. ME (3, 4, 

5, 6, 7) is similar to that used on the TV 

trolley (Fig. 10). 

  
 

Fig. 12. The kinematic scheme of the door 

mechanism with the curved guide 

 

     The doors or the main parts of the 

folding doors are fixed to the driven 

elements 5 and 7, made as crank-coupler 

mechanisms with curved guide (Fig. 12).  

      The structural scheme (Fig. 13a) is 

made taking into consideration that the 

articulation A is double, the analytically-

determined degree of mobility being: 

       
11027323 53  CnM    (4)                          

 

              a                                         

                                                      

b                                  

  
 

Fig. 13. The kinematic scheme of the 

articulated planar mechanism 

 

  
 

Fig. 14. The kinematic scheme of the 

planar mechanism with curved guide 

 

      The "motor mechanism" (Fig. 13a) has 

a simple structure (class II), being obtained 

from the 8-element kinematic chain (Fig. 

13b). 

     Compared with the other two analyzed 

mechanisms (Fig. 8 and 10), this 

mechanism (Fig. 13) is made with fewer 

elements and the swept volume of it is 

smaller, the pneumatic cylinder being 

mounted at a minimum distance in respect 

of direction B0B'. 
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3.4. The door mechanism of a bus type 

Skoda 

This type of mechanism (Fig. 15) has the 

same number of kinematic elements as the 

precedent (Fig. 14), the kinematic schemes 

being similar, and the structural scheme 

obtained from the same kinematic chain (Fig. 

13b). 

      In this mechanism, the pneumatic cylinder 

is fixed (Fig. 15), all the kinematic joints are 

simple and the fixed joint A0 is located at a 

greater distance with respect to B0B', which 

implies a larger swept volume. 

      The doors are made of a single part 

connected to the coupler CD of the crank-

slider mechanism (Fig. 16). 

  
Fig. 15. The kinematic scheme of the planar 

linkage in the extreme positions 

 

  
 

Fig. 16. The kinematic scheme of the final 

mechanism 

equipped with sliders 

 

     Note that the essential difference among 

the four studied mechanisms is the way of 

designing the control mechanism, while the 

final mechanisms are similar. 

 

4. Conclusions       
In the paper were analyzed the structural and 

geometric-kinematic aspects of the articulated 

bars mechanisms for actuating the doors from 

the urban buses. 

      It is emphasized that all the studied 

mechanisms have a common part, both the 

execution mechanism and the control 

mechanism being made up of a 

quadrilateral (parallelogram) and an anti- 

quadrilateral (anti-parallelogram). 

      Knowing the topological structure, 

these planar bus-door mechanisms with 

articulated bars can be redesigned in order 

to improve the operating and to achieve a 

smaller swept volume. 

      Also, comparing the bus doors with 

circular sliding motion to those with 

rotate-sliding movement, the main 

advantage of the first type is the offering 

of a greater comfort the passengers since 

the doors do not occupy any space inside 

the bus.   
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ABSTRACT: This paper analyses the Jansen mechanism. It then presents a few pictures of a mobile quadruped 

robot, which will help to describe how the robot moves. We take into consideration the kinematic scheme of the 

spatial mechanism with bars (spatial linkage), which is used for each of the four robot legs. Each leg mechanism 

is driven by two rotate brushless actuators that include a spur gear low-ratio transmission. By means of analyzing 

the kinematic scheme, the spatial mechanism mobility that operates in both horizontal and vertical plane is 

calculated.  

 

KEY WORDS: bio-robot walking, mobility, quadruped robot, spatial mechanism 

 

INTRODUCTION 
 

    Research in the field of walking robots 

is extremely active. Robots of different 

sizes, from the size of an insect to that of 

a van, have been built.  

   There are many websites presenting a 

considerable number of walking robots 

[4]. It is amazing how many ways of 

copying what animals easily do exist, and 

how creative they are (Fig. 1).  

   Even if the structures of walking robots 

can be innovative, it is the structure of 

their legs that usually receives the highest 

degree of attention from researchers [2].  

 

  
Fig. 1. The bi-mobile pantograph                                  

mechanism used in the walking robot 

 

 

Analysing the mechanics of walking 

robots, one will notice that the main 

majority of robots equipped with more 

than two legs use the planar mechanism 

[1] of the pantograph type with 2 mobile 

joints for walking (Fig. 2). 

Fig. 2. The kinematic scheme of bi-

mobile pantograph mechanism [6] 

 

   In spite of the large variety of walking 

robots, the mechanical principles used for 

designing the legs are quite limited.  

   We should notice that in nature, 

muscles / ligaments can be considered as 

extendible links, which corresponds to 

the pantograph mechanism.  

Pantograph mechanisms are so frequent 

in the structure of walking robots because 

they are extremely simple and versatile.  

Even if this property of the pantograph 

mechanism is used for creating a suitable 

leg trajectory, there are other ways in 

which a pantograph operates.  

 

 



  
Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

 

124 

 

The trajectory of point E (fig. 2) is 

determined by the horizontal motion of 

point A and the vertical motion of point 

O.  

 Obviously, this mechanism can be 

used effectively [5, 6] as it has already 

been used successfully in the Vehicle 

with Adaptable Suspensions (fig. 2).  

 This operation requires two drive 

sources, which is regarded as a 

disadvantage since it increases the 

complexity and the energy consumption.  

This double mobility is common for 

most walking mechanisms that use 

pantographs. 

Another disadvantage of this 

mechanism is that it requires a system to 

control the leg kinematics in order to 

determine the trajectory of the fulcrum.  

This system usually incorporates 

sensors for detecting the soil, and 

maintaining the position of the frame as 

to the soil, which requires a permanent 

control of the mechanism kinematics.

   

Some electric robots can carry their 

own power source as batteries.  

The range of power sources used for 

robots is limited by the same factors that 

limit wheeled vehicles. 

The weight of the fuel or of the energy 

stored in the batteries, as well as the 

weight of its structure and control 

systems must be reduced as much as 

possible since carrying its own weight 

stands for the main power consumption. 

    One of the greatest disadvantages of 

walking robots is their inefficient power 

consumption.  

    Due to the combination between their 

relatively large weight, numerous 

actuators, conversion losses, the power 

consumption of the control systems and 

of the sensors, these machines are a 

whole lot less efficient than wheeled 

vehicles or biological walkers.  

 Although it is difficult to reach the 

efficiency of animals, it is still possible to 

build walking robots (Fig. 3a, Fig. 3b). 

The power consumption of walking 

robots for the distance travelled is similar 

to that of wheeled vehicles off-road. 

 

  
 

Fig. 3a. ANYmal quatruped robot for 

autonomous operation in chalanging 

enviroments 

 

 

  
Fig. 3b. Raibet‘s quadruped walking 

robot 

 

 

THE MOBILE WALKING 

THEO JANSEN TYPE ROBOT 
 

A new mechanism was invented by the 

Dutch Theo Jansen. His later activity 

focused on this mechanism that can be 

found in many kinetic sculptures [3, 7].  

The kinematic scheme of the Jansen 

mechanism (fig. 4) points out 7 mobile 

kinematic  elements.  

The geometric kinematical scheme 

(Fig. 4) shows, in the lower part, the 

closed curve representing the trajectory 

of the fulcrum M . 

Therefore, the mechanism is made up 

of seven mobile kinematic elements [1, 

2], and the crank is the driving kinematic 

element (actuator). 
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We should also keep in mind the fact 

that elements 4, 5, 7 and 2, 9, 10 each 

determine a rigid triangle, representing 

distinct kinematic elements [1].  

Thus, the Jansen mechanism results 

from a kinematic chain with eight 

kinematic elements, of which one is the 

frame A0B0 (Fig. 4). 

 

     

   

                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Kinematic scheme of  

the Theo Jansen mechanism [7] 

 

The mechanism is constrained to a 

single position of the component 

kinematic elements for each position of 

the crank, therefore there is a single 

degree of mobility DOF [1].  

The position of all the elements can be 

calculated on the basis of the known 

position of the crank.  

By examining the mechanism, we find 

out that it can meet the criteria of a 

walking robot, its legs are driven by a 

single central crank (fig. 5, 6).  

The legs move longitudinally against 

each other while the robot is moving, and 

they cannot stay firmly against the 

surface on which they walk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Building scheme of the quadruped 

robot   
 

   At least one leg must move in order 

to compensate for the force of the 

mechanism. The Jansen mechanism is 

worth being studied as a viable 

alternative for a walking robot if it is 

assessed from the point of view of its 

design criteria. For a constant crank 

rotation speed, the necessary time to 

move between each angular position is 

also constant. The four Jansen 

mechanisms with articulated bars have 

been pointed out in the building scheme 

of the quadruped walking robot (Fig. 5).  

Two Jansen mechanisms were mounted 

on the frame (Fig. 6). They are actuated 

by an electric engine, each from the same 

crank. We can see the left one (Fig. 5).  

 

THE MECHANISM OF THE LEG OF 

A QUADRUPED  

   The mechanism of the leg of a 

quadruped robot (Fig. 5, 7) includes in its 

structure a plate 6 (Fig. 8).  

 

 

 

 

 

 

 

 

 

 

Fig. 6. Geometrical scheme of the Jansen 

mechanism [7] 
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                                a
 

     
 

b 

Fig. 7. Pictures of the leg (a) and of the 

supporting frame (b)  

of the quadruped robot  
 

Three articulations have been provided 

on the vertical plate 6 (fig. 8): A0, B0 and 

D0 represented in the kinematic scheme 

by using the symbol of a fixed 

articulation in the rotation plane.  
 

     

    

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 8. Kinematic scheme of the spatial 

mechanism of the quadruped leg 
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The mobility of the spatial mechanism 

shall be checked by using the general 

formula [1]  

 


6

2

5

1

)()(
r

r
m

mb rNmCM  (1) 

 

In the first part of the formula (1), we 

noted the mobility of a kinematic 

coupling as m (liberty), and  Cm stands 

for the number of class m kinematic 

couplings.  

Also, in the second part of the formula 

(1), we noted r the rank of the space 

associated to a closed kinematic contour 

(the number of the independent 

elementary movements).  

Consequently, Nr stands for the number 

of independent r rank closed contours. 

The numerical values of these structural 

parameters are deduced from the 

kinematic scheme of the mechanism (fig. 

8) and are presented as a matrix: 
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(2) 

 

Introducing these numerical values in 

the (1) formula, we obtain  

 

 22381 bM     (3) 

 

The two mobile joints correspond to the 

independent rotation motions of crank 1 

and pivoting plate 6 (fig. 8). 

The mechanism includes two actuator 

kinematic couplings also called actuator 

mechanisms MA(0,6) and MA(6,1).  
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The structural – topological formula of 

the bi-mobile driving mechanism is 

 

)5,4()3,2(

)1,6()6,0(

LDLD

MAMAMM




 

(4) 

 

Considering the fact that the quadrangle 

B0CDD0 is a parallelogram (fig. 8), the 

trajectory of point M in the plane of the 

kinematic element 4 is a circle arc in the 

plane of the vertical plate 6.  

The rotation motion in a horizontal 

plane of the articulated planar mechanism 

is carried out while point M leaves the 

surface on which the walking robot is 

moving. 

The supporting frame of the four robot 

legs is shaped as the letter I (fig. 9 left) in 

a horizontal projection.  

The plates containing the electronic 

circuits are mounted on this supporting 

frame (fig. 9 right), controlling the eight 

electric motors, two actuators for each 

leg. 
 

 

         

 

Fig. 9. The supporting frame of the 

quadruped robot, diagram (left) and photo 

(right) 

 

The electric motor that rotates the 

pivoting plate 6 is mounted on the 

supporting frame (fig. 9), and the electric 

motor that drives crank 1 is mounted on 

the rotating plate 6. The two pivot 

bushings of plate 6 are provided with ball 

roller axial radial bearings. 

The position of the supporting frame is 

set by means of the second electric motor 

MA(6,1), where crank 1 directly rotates, 

so that its height is minimum (fig. 10).  

We should notice that, for lifting the 

robot frame – the frame of the walking 

robot, crank 1(A0A) rotates clockwise 

(fig. 11). The M1 point of the leg 

corresponds to the lower position of the 

robot frame, and in this case, the 

kinematic scheme of the mechanism is 

represented by a thick continuous line 

(fig. 10). 
 

 

 

 

  

          

        

 

 

      

 

 

 
 

 

 

 

 

Fig. 10. The extreme positions of the 

mechanism M1, M2  

                                             

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig.  11. The rotation of crank 1 for  

displacement M from M1 to M2 

 

Point M2 corresponds to the upper 

position of the robot frame, and the 

dotted line was used to draw the 
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kinematic scheme of the planar 

articulated mechanism (fig. 10).   

The step taken by each leg, through 

point M, is obtained by means of the first 

electric motor MA(0,6), in which the 

supporting plate 6 together with the 

whole linkage rotates in a horizontal 

plane at a certain angle. 

During the rotation in a horizontal 

plane, the driving electric motor MA(6,1) 

rotates crank 1 counter-clockwise, so that 

point M no longer touches the horizontal 

plane of the ground.  

A program is used to control the command 

that actuates the eight electric motors, so 

that the legs placed diagonally to the 

supporting frame touch the ground. 

 

CONCLUSIONS 
 

The paper has presented the correct 

kinematic scheme of the Jansen 

mechanism as compared to some 

geometrical representations of the 

mechanism as a beam, where joints are 

called nodes and bars are called elements. 

We have pointed out that three linked 

rigid bars create a rigid body, called a 

kinematic element.  

 As compared to the planar mono-

mobile Jansen type mechanism, which 

enables a constant movement of the 

quadruped robots, spatial mechanisms 

with a double mobility (actuators) enable 

variable steps, smaller or larger.  

The kinematic scheme of the spatial 

mechanism that was analysed in the 

paper can meet the requirements of a 

walking leg. 
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ABSTRACT:The paper presents three kinematic schematic planar mechanisms with bars used to open / 

close a used cabinet and as a buffet. The mechanisms are mounted on the left and right walls of the cabinet, 

working parallel to the vertical. Both mechanisms are hinged to a single door that slopes 900 in the vertical 

plane, from the vertical (closed) position to the horizontal (open) position. The three kinematic schemes 

proposed for door actuation have in their structure either only joints (RRRR) or couplers of rotation and 

translation couples in the RRTR and RRRT variants. In each of the three kinematic mechanisms of 

mechanics there is presented an analytical method of geometric synthesis for two and three associated 

positions. 

 

 
KEY WORDS: mechanism, geometric synthesis, buffet cabinet, door, kinematic scheme, transmission 

angle. 

 

 

 

1. INTRODUCTION 
 

    The mechanism for vertically opening / 

closing the doors of palm furniture, solid 

wood furniture or aluminum frame doors is 

a more modern version of the famous 

scissor mechanism used in the past for 

furniture that also has a built-in bar and its 

door Opens up (vertically) and serves as 

bottle holder and serving glasses [1].  

    For furniture with the bar door, the door 

opens automatically and closes braked, and 

when opening the door of the suspended 

kitchen cabinets, the mechanism supports 

the braked door closing (Fig. 1).  

 
 

Fig. 1. The vertical mechanism for a cabinet 

door 

 

 

These mechanisms are the most well-

known and used accessories in the 

custom-made furniture industry and 

pallet-grade furniture.   

      They are used both in the residential 

area, the palm furniture and the solid wood 

furniture in the kitchen, as well as in the 

living rooms, children's rooms, bathrooms, 

cabinets, bedrooms, as well as in the hotel 

rooms, restaurants, furniture in 

institutions, schools, etc. 

    In the considered case (Fig. 1), the 

mechanism is a parallelogram which has 

both fixed short joints located on the 

vertical wall of the cabinet and the cabinet 

door carries a circular translational 

movement in the vertical plane. 
 

2. THE SPECIFIC 

KINEMATICS SCHEMES 
 

   The kinematic scheme of the articulated 

bars is made in the two extreme (open / 

closed) positions of the cabinet door [1]. 

The mechanism is an articulated plane 

quadrilateral (Fig. 2), where the extreme 
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position (open door) corresponds to the 

horizontal position of the rocker 1, which 

is integral with the cabinet door (with 

vertical rotation). 
 

 

 

 
 

 

 

 

Fig. 2. The kinematic scheme of the door lock 

mechanism of a wardrobe 
 

      The mechanism has two LD (2, 3) and 

LD (2', 3') kinematic chains [2, 3] that are 

mounted and work in parallel. The two 

bars 2 and 2' are articulated in points A 

and A' at the same kinematic element 1, 

representing the closet door of the closet. 

     The horizontal position of the A0C 

segment in element 1 plane (Fig. 3) allows 

the use of the open door as a table to serve 

a particular beverage in the closet. 

In the open position of the buffet, bars 2 

and 3 are stiffened, so that points B', B and 

A are collinear. A solution was avoided 

when points A, B, and B0 were collinear, 

because in this case the transmission angle 

would be zero, which would not allow 

easy action through the bar 1 of the 

quadrilateral mechanism. 

     In the situation used in practice (Fig. 

3), the angle of transmission (measured at 

the driven element 3) is formed by the 

directions B0B and AB, ie the sharp angle 

is different from zero with a minimum 

value greater than the critical value.  
 

 

 

 

 

 

 

 

 

Fig. 3. Graphic elevation of transmission 

angle 
 

    The characteristic dimensions of the 

mechanism can take the following 

numerical values: 
 ;6050

0
mmxB  ;9585

0
mmyB   

 ;100800 mmAA  ;10090 mmAB     

;3102900 mmCA 

;1510)( 00
10  CAA  

 ;20100 mmBB  ;8060 mmBB   

  ;90)( 0
0  BBB  

   To block the mechanism in the 

horizontal position of bar 1 (Fig. 3) an 

extension of the segment BB' (in the joint 

part B) is provided which limits the 

relative rotation. 

   A variant of the quadrilateral 

mechanism is obtained if, instead of the 

joint of B (2,3), a kinematic translation 

coupling (Fig. 4) is used, having a rotary 

movable guide. 

 

 

 

 

 

 

 
 

Fig. 4. The kernel scheme of the RTR chain 

type mechanism 
 

      In this case (Fig. 4), an LD(2, 3) type 

RTR chain, at which the transmission angle 

is optimal, 0

0 90)(  ABB  is 

highlighted, which results in a better 

operation of the system both at opening and 

closing. 

     The blocking of the diadic chain (2, 3) 

in the open position (when the bar 1 is 

horizontal) is obtained by fixing a limiter 

to the free end of the bar 2 (Fig. 2). 

     To avoid blocking the bar 2 in the 

element guide 3, the length of this guide 

must be large enough.     Another variant 

of the mechanism is the one that uses a 

diadic chain type RRT (Fig. 5), at which 

the fixed guide is horizontal, being at the 

height hB = 100-110mm 
. 
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Fig. 5. The kinematic scheme of the RRT 

diadic chain mechanism 

       

 In fact, in the new version (Fig. 5), an 

equivalent diadic chain was used, in which 

a kinematic element (the slide 3) was 

replaced by a kinematic rotate-slide 

coupling (4
th

 class).  

      To reduce the translation friction, a 

roll 3 was used, this being guided between 

two parallel surfaces against which the 

rolling friction occurs.  

      The positioning and fastening of the 

rectilinear guide is such that the left end of 

this guide corresponds to the horizontal 

position of bar 1.  

      Thus, for a 90
0
 rotation of the A0C bar, 

the point B (the center of the roller 3) must 

go through the distance BB1 (Fig. 5).  

      The geometrical condition for the 

proper operation of this fixed-pitch 

mechanism consists in keeping the 

pressure angle δ (Fig. 6) at as low as 

possible, below a critical value of 30
0 

[2].  

 

3. SYNTHESIS OF THE RRRR 

QUADRILATERAL MECHANISM 

FOR ASSOCIATED POSITIONS  
 

3.1. THE CASE OF TWO ASSOCIATED 

POSITIONS IMPOSED 
 

    The positions of the fixed joints A0 and B0 

( 000 lBA  ) of the planar quadrilateral 

mechanism (fig. 6) are known.   

                        

 

 

 

 

 
 

Fig. 6. The quadrilateral plan is in two 

associated positions 
 

  The two associated positions of the 

articulated quadrilateral are defined (Fig. 

6) by the contours 0110 BBAA and 00BA have the 

fixed side. 

   Therefore, when rotating the kinematic input 

element (driver) with the angle 1212   , 

the kinematic output element (driven) rotates 

with the angle 1212   .  

    In the case of a geometric synthesis 

application of the mechanism, the relative 

rotation angles are imposed 12 and 12 , 

as determined by analytical calculation, the 

lengths 10 lAA  and 30 lBB  , as well as the 

angles 1 and 1  angles.  

   An analytical solution is obtained by solving 

the system formed by two nonlinear equations, 

called the Freudenstein synthesis equations, 

written for the two required positions. 

Freudenstein's equation [3, 4] can be written 

as:              

0)]cos()[cos(

)cos(cos)cos(cos

112231

12301210









ll

llll
 

(1) 

  In the more general case, when the 

base 00BA of the quadrilateral is inclined with 

the angle α0 (Fig. 7), equation (1) has the 

expression:          

0)]cos()[cos(

)]cos()[cos(

)]cos()[cos(

112231

010230

010210
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ll
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(2)   

 

 

 

 

 

 

 

 

Fig. 7. The more general case when the base 

is inclined with the angle α0 

 

     In each of the two positions of the 

quadrilateral mechanism (Fig. 7), with the bar 

1 as the leading element, the transmission 

angle (measured in the movable joint of the 

driven element 3) must be greater than a 

critical limit value ηc = 20
0
. 

     Therefore, from the triangles 010 BAA  

and 020 BAA  deduct the distances 01BA  and 

02BA :                    
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)cos(21 011
2
101   llBA  and  

)cos(21 021
2
102   llBA     (3)  

     The transmission angles in the two 

positions of the quadrilateral mechanism have 

the expressions:                    

    32
2

01
2
3

2
21 2/)(cos llBAll   and 

32
2

02
2
3

2
22 2/)(cos llBAll    (4)  

     For the transmission angles, values are 

chosen in the ranges: 00
1 4025   and 

00
2 9075  , for example, 

 0
1 30 and 0

2 80 .  

     If the angles 21,  and 21,  are required, 

then the lengths 210 ,, lll  and 3l of the sides of 

the articulated quadrant remain unknown.  

      For practical reasons, choose the length 

10 lAA  and the length 000 lBA  of the base is 

equal to the unit ( 10 l ). So, for average 

values of the transmission angles 1 and 2 , 

from the nonlinear equations (2), (3) and (4) 

the parameters (as reduced lengths) 32 , ll and 

0 . If the angle 0 is required, linear 

parameters 21, ll  and 3l  (as reduced lengths) 

can be deduced from the three nonlinear 

equations (2), (3) and (4).  

     For this variant, the system of three scaling 

equations to be solved is expressed as follows:                  

0)]cos()[cos(

)]cos()[cos(

)]cos()[cos(

112231

01023

01021
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     (5)                                                   
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2
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2
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2
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     (7) 

     For example, for: 

 ;180;90;45 0
2

0
1

0
0  

;135;30 0
2

0
1   0

1 30 ; 0
2 80 .  

    The previous equations become:                          

0)60cos45(cos
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      (5')                                                          
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                (6 ')                                                  
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32

0
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2
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2
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     (7 ') 

3.2. THE CASE OF THREE 

ASSOCIATED POSITIONS IMPOSED  

  Consider the general case of the articulated 

quadrilateral when the base 00BA is inclined 

with the angle 0  (Fig. 8).                  

 

 

 

 

 

 

 

 

 

Fig. 8. The quadrilateral mechanism in three 

associated positions 
 

      The three associated positions of the 

articulated quadrilateral (Fig. 8) are given by 

the pairs of angles: ;, 11  ;, 22  ., 33   

     In this case, two Freudenstein equations 

can be written:                  

0)]cos()[cos(

)]cos()[cos(

)]cos()[cos(

112231
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(8)                  
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(9)  

      From the condition imposed on the 

transmission angle in the three positions (Fig. 

8) the equations are deduced:                                                  

0cos2)cos(21 132011
2
1

2
3

2
2   llllll

     (10)                                                  

0cos2)cos(21 232021
2
1

2
3

2
2   llllll

                  (11)                                                  

0cos2)cos(21 332031
2
1

2
3

2
2   llllll

     (12)  

     For the transmission angles, numerical 

values are chosen in the ranges: 

  

;3520 00
1  ;9075 00

2  .6045 00
3   

     If the linear parameter 1l and the angles 

321 ,,   and 0 (a) (8) are required, the 

lengths 32 , ll and angles 321 ,,   can be 

calculated from the system formed by the 

five nonlinear equations (9), ..., (12).  
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     For example, for the imposed parameters 

the following numerical values are 

considered (Fig. 8): ;9,01 l  

;900
1  ;450

2  ;1800
3  .600

0   

With these numerical data, the synthesis 

equations are written:                  
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4. SYNTHESIS OF THE CRANK 

MECHANISM - RRTR SLIDER FOR 

ASSOCIATED POSITIONS  
 

4.1. THE CASE OF TWO ASSOCIATED 

POSITIONS IMPOSED  
 

     The kinematic schematic diagram of the 

RRTR mechanism (Fig. 10) is considered in 

two absolutely associated positions, at which 

the bar 2 is guided in a rectilinear way by the 

oscillating slider about the point B0.                  

 

 

 

 

 

 

 

 

Fig. 9. The kinematic scheme of the RRTR 

mechanism in 2 positions 

      

The length AB = s2 of bar 2 is variable and 

the length BB0 = 13 (perpendicular to AB) is 

constant (Fig. 9), the limit being zero. The 

fixed bar A0B0 = 10 (of constant length) is 

inclined from the horizontal (axis A0x0) to the 

constant angle 0000  BAx . 

   The positioning angles of the bars 1 (A0A = 

l1) and 3 (BB0 = 13) are respectively 

measured in a positive sense with respect to 

the axis A0x0.  

     If the contour is closed A0ABB0A0 in 

direction BB0 (Fig. 9), for the two positions, 

the equations are obtained:                           

      0)cos()cos( 3010111  lll    (13)                           

      0)cos()cos( 3020221  lll   (14)  

     For the geometrical synthesis of the 

mechanism are required: the unit length of 

the base and the numerical values of the 

positioning angles ;, 11  22,  and 0 . 

    The unknown problems are the reduced 

lengths l1 = X1 and 13 = X2, their numerical 

value being calculated from the system of 

two linear equations (13) and (14).  

     For this purpose the equations are written:                          

 )cos()cos( 012111   XX (13')                           

)cos()cos( 022221   XX (14')  

If lengths 10 l , 1l  and position angles 

;, 11  22, ,are imposed, then the length 

13 Xl  and angle 20 X  can be obtained 

from the system of two non-linear equations 

(13) and (14). For this case, the two 

equations are written:                                  

     )cos(9,0)cos( 11211   XX    (13'')                   

     )cos(9,0)cos( 22221   XX   (14'') 

 

4.2. THE CASE OF THREE 

ASSOCIATED POSITIONS  
 

If three absolutely associated positions are 

required, three kinematic outline equations 

may be written:                           

   0)cos()cos( 3010111  lll     (15)                   

  0)cos()cos( 3020221  lll     (16)                   

  0)cos()cos( 3030331  lll     (17)  

     In the hypothesis of imposing the 

associated position angles, from the three 

equations we can calculate l1, l3 and α0.  

 

5. GEOMETRICAL SYNTHESIS OF 

THE RRRT TYPE MECHANISM FOR 

ASSOCIATED POSITIONS 
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    The kinematic schematic of a planar 

translation roller (Fig. 11) is considered as a 

fixed horizontal guide.                  

 

 

 

 

 

 
 

 

 

Fig. 10. Kinematic scheme of the rectilinear 

guided roller mechanism 
 

    In this case the pressure angle δ, which is 

formed by the 2(AB = 12) with the right 3 

along which the point B (the center of the 

roller 3) moves, is highlighted. 

    This pressure angle (complement of the 

transmission angle) must be as small as 

possible, the optimal value being δ=0. The 

maximum admissible value of the pressure 

angle is δmax=50
0
, so that in the two imposed 

positions (Fig. 11) the pressure angles are 

limited above: δ2<δ1<50
0
. 

     Following the closed contour A0ABCA0 

(Fig. 10), in each of the two absolutely 

associated positions, the length of bar 2 is 

expressed according to the coordinates of 

points A and B: 

           222 )()( ABAB yyxxAB        (18) 

     In the two associated positions (Fig. 10), 

the coordinates of points A and B have the 

expressions: 

;sin;cos 1111 11
 lylx AA 

;sin;cos 2121 22
 lylx AA   (19) 

;; 3011 11
hCAysCBx BB 

.; 3022 22
hCAysCBx BB     (20) 

     After replacing these coordinates in 

formula (18) the equations are deducted: 

       ;)sin()cos( 2
2

2
113

2
111 llyls     (21) 

      ;)sin()cos( 2
2

2
213

2
212 llyls    (22) 

    For the synthesis of the mechanism, 

parameters are imposed: length 1l , angles 

21,  (φ1<φ2) and segments 21, ss  (s1>s2). 

   In the system formed by the nonlinear 

equations (21) and (22) the notations 

2312 ; XyXl   representing the two unknown 

are introduced, after which the system is: 

       2
111

2
112

2
1 )cos()sin(  lslXX   (23) 

   2
212

2
212

2
1 )cos()sin(  lslXX     (24) 

    In the case of three positions of the 

mechanism are required, namely the angular 

321 ,,   and linear 321 ,, sss displacements. 

   Three nonlinear scalar equations are written 

in which the unknowns can be: 

;0)sin()cos( 2
2

2
113

2
111  XXXXs  (25

) ;0)sin()cos( 2
2

2
213

2
212  XXXXs  (2

6) .0)sin()cos( 2
2

2
313

2
313  XXXXs  (

27)     

6. CONCLUSIONS 
 

  The paper analyzes the kinematic 

schematics of the flat bar mechanisms used to 

open / close the door of a buffet cabinet. For 

the case of a door that rotates vertically, an 

analytical method of geometric synthesis of 

the RRRR, RRTR and RRRT mechanisms is 

applied. 

      The mechanisms are double structures, 

being mounted in parallel in the vertical plane. 

In the vertical position, the front door closes 

the cabinet and in the horizontal position 

opens the cabinet. 

   The geometric synthesis is solved for two 

and three associated positions imposed on the 

two kinematic elements linked to the base. In 

determining solutions, account shall be taken 

of the limitation imposed by the transmission / 

pressure angle. 
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ABSTRACT The paper aims to present an experimental model of the installation designed to determine, 

under laboratory conditions, some functional parameters of disc brakes testing scenario as well as the thermal 

effect produced on them. The braking torque, speeds, brake pad material temperatures as well as the 

functional parameters of the electric motor can be measured on the model shown. The recorded parameters 

are transmitted for analysis to a computerized system. 

 

KEY WORD: installation, disk brake, parameters, thermal effect, drive motor. 

 

Introduction 

 
Road traffic safety requires 

equipping of cars, motorcycles, and 

generally all vehicles with high-

performance braking systems, resulting 

in the increase of their dynamic qualities. 

Thus, in addition to the design and testing 

phases, modern modeling and simulation 

methods, it is necessary to experimentally 

test these braking systems as closely as 

possible to the real situation during the 

operation.. 

In order to test a series of braking 

systems fitted with two-wheeled vehicles 

(mopeds, motorcycles, mopeds, etc.), the 

profile laboratories at the Faculty of 

Mechanics in Craiova designed, tested 

and tested a experimental installation 

model for testing of monodisc brakes 

from wheeled vehicles. The installation 

model allows the testing of braking 

systems which equip motorcycles or 

scooters, manually operated by hydraulic 

systems, to which braking is performed 

with pairs of brake pads with ferrous 

metal friction material. 

In order to maintain optimal 

braking capacity parameters for a 

maximum deceleration to achieve a 

minimum braking distance, the safety 

requirements require conditions for the 

system to generate decelerations of up to 

6 to 6.5m/s. 

In this case the maximum 

temperatures in the braking area should 

not exceed 3000C  

 

Method and materials 

 
The experimental installation 

designed to test disc brake has a modular 

construction that allows the mounting, 

adjustment and acquisition of measured 

data and their transmission to a 

computerized computing system. 

Temperature sensors are used to 

determine the thermal phenomena inside 

the brake pads. For determining the 

braking moments, a tensometric torque 

transducer coupled to the anglo-saxon 

unit measurement system was used. To 

determine the variation of the speed of 

the braking system, an optoelectronic 

transducer with a perforated disk was 

used. To measure the variation of the 

measured quantities, a series of electronic 

measuring devices were used, which 

received data from sensors and 
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transducers and transmitted to the 

computing system. 

For testing the braking system, 

under conditions that simulate the actual 

operation of the braking system, the plant 

is fitted with a three-phase electric motor 

of 1.1 kW. The power supply and control 

of the motor is provided by a frequency 

inverter, model ACB type ACS 550-01-

012A-4. 

The simplified scheme of the 

experimental equipment is shown in fig. 

1. 

 

Fig. 1. Equipment scheme 

 

The experimental installation 

consists of structural elements that 

support the MEca drive motor, located on 

a PSM support plate. The motor, has two 

transmission shafts C2 and C3, mounted 

on the PS support plate via the bearings 

L3 and L4 which finally rotates the brake 

disk D. The brake is braked by the brake 

pad assembly Fr, producing the braking 

moment Mfr. The braking system 

assembly is placed on a support by means 

of the two bearings L1 and L2, receiving 

the movement from the engine via the 

elastic coupling C1. The kinematic 

connection between the torque shaft and 

the braking system assembly is achieved 

by the torque transducer TM. The motor 

is powered by the ACS 550 frequency 

converter via an electronic scheme shown 

in fig. 2.

 

 

Fig. 2. Three-phase motor drive with frequency converter driving diagram 
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The power supply of the frequency 

inverter and the three-phase motor is 

made by means of a circuit composed of 

the SIG automatic fuses. A, Bussmann 

superfast fuses, CON contactor and RRT 

thermal relay. 

The frequency converter allows 

the motor to be controlled and powered 

by the outputs U2, V2 and W2. 

Frequency command of the engine as 

well as the initial parameters are 

determined by setting them from the 

main panel of the device and modifying 

the functional parameters either from the 

main panel or from an external panel. 

 

 

 

 

 

Fig. 3. Experimental installation  

 

There can be determined the 

operating speeds, frequencies, engine 

torques under different operating modes, 

and frequency thresholds for the pre-set 

operation. 

In order to avoid overloading of 

the system for the situation exceeding the 

standard power supply frequency of the 

motor, the converter was equipped with 

an additional 75 ohm resistor brake. 

Fig. 3 shows a number of details of 

the installation described above. 

The necessary device to determine 

the measured quantities allows their 

measurement and transmission to the 

real-time computing system. The 

temperature in the braking zone was 

determined by the use of some holes in 

the brake pads in which TP 09 

temperature probes were placed, 

connected to an AX 594 AXIO electronic 

digital multimeter. The real-time 

measurement of the brake output torque 

was determined with a torque transducer 

from GSE INC. Farmington, coupled to 

the Farmington MODEL 229-D meter, 

with output to the computing system. 

Determination in real time of the 

variation of the speed under load was 

performed using a UT 371 AXIO model 

tachometer with output to the computing 
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system. The measurement scheme and 

the devices used can be seen in the 

figures in fig 4.

 

Fig. 4. Measuring scheme and devices used in the experiment 

 

The second way of the real-time speed 

measurement was achieved through a 60-hole 

disc that is axially positioned with the 

optoelectronic speed transducer. The 

XUBOAKNL2T transmitter and the 

XUBOAPSNL @ Schneider receiver were 

used. Figure 5 shows the operation diagram 

of the optical tachometer, from which the 

signal reaches a TUROMAT TID 425 

measuring device. 

The signals from the torque metering unit 

are transmitted to an AX-18B AXIO type 

multimeter through the USB interface to the 

computing system and the data is stored and 

analyzed with a dedicated software.  

The temperature probe signals are 

transmitted to an AX-594 AXIO AX-594 bar 

graphometer and are transmitted via the USB 

interface to the computing system. 

 

 

Fig. 5. Rpm measuring scheme with optical tachometer 
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The three disc brake condition 

parameter measuring devices, 

coupled via USB to the computing 

system, transmit the data in real time, 

reaching the dedicated meter 

software. 
Brake torque values at varying disk 

load with different braking forces 

transmitted by the device are stored and 

analyzed with dedicated PC-LINK 

software. Initially, there are followed the 

steps to set up the connection to the AX 

device 18, set recording limits and start 

data acquisition. The graphical interface 

of the software is shown in Figure 6, and 

Figure 7 shows the connection of the 

measuring device to the calculation 

system and the acquisition stage. 
 

 
Fig. 6. PC-LINK software 

 

 
Fig. 7. Connection and data 

acquisition with PC-LINK software 

 

The brake temperature data from 

the two K-type probes transmitted to 

the AX-594 AXIO Meter are received 

via the USB interface to the 

computing system and is taken by 

Hand Dmm Data software. 

The graphical interface of the 

software is shown in fig. 8, and fig. 9 

shows the acquisition step of the 

temperature variation data. 

 

 
Fig. 8. Hand DMM Data software 

 

 
Fig. 9. Data acquisition with Hand 

DMM Data software 

 

To measure, store and analyze data 

on the variation of the brake disk 

speed, a dedicated Software Interface 

Software V2.01 is used. The UT 371 

AXIO electronic tachometer 

transmits the real-time variation of 

speed to the computing system via 

dedicated software. Data obtained is 

stored and analyzed together with 

torque and temperature variations. 

Fig. 10 shows the graphical 

interface of the software, and Figure 

11 shows the acquisition of speed 

variation data. 
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Fig. 10. Interface Software V2.01 

 

 
Fig. 11. Data acquisition using 

Interface Software V2.01 

 

The model of the experimental 

installation was equiped with an axial 

fan on the pipe, fig. 12, which allows 

to send a cooling air jet. This 

simulates the real situation when the 

disc braking system is naturally 

ventilated by moving the car. 

 

 
Fig. 12. Disk brake Cooling system  

 

Conclusion 
 

The experimental plant model 

shown has enabled the measurement, 

storage and analysis of torque variation, 

the temperature and the speed of the 

brake system with disc and pads. By 

using the control and control of the three-

phase motor with frequency converter, it 

was possible to change rapidly and under 

controlled conditions, the parameters 

under investigation. A major advantage 

of the installation model was the 

possibility to store and further analyze 

the experimental data by using the 

computing system. Due to the modular 

construction of the system, it is possible 

to easily change and adjust the various 

variants of the braking systems under 

investigation. 
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ABSTRACT: The paper aims to analyze the functional and thermal parameters on the disc braking systems 

of the wheeled vehicles, in the conditions of changing the kinematic parameters of the drive. The study 

analyze the dependency of thermal parameter values over the brake forces and torque values and the 

variation of rotation speeds produced by the electric drive motor. 

 
KEY WORDS: equipment, disk brake, temperature, moment of torsion, speed, experimental data, computer 

 

Introduction 
 

 The optimal operation of disc 

brakes and brake pads, which equip 

vehicles with wheels, is a necessity, 

especially due to the need for safe road 

traffic. 

The phenomena which occur 

during the braking process, the dynamic 

and thermal stresses to which component 

parts are subject, require deep research. 

Thermal phenomena in particular and 

therefore as the demands that arise from 

this point of view, can be investigated 

with appropriate results on both, vehicles 

and experimental plants.  

For experimental determinations 

and analysis of the resulting data, a disc 

pad braking system equipment was used, 

similar with the one for two-wheeled 

vehicles. 

The measurement and evolution of 

brake pads temperature was monitored 

during simulation of the braking process 

related to the braking force and variation 

of the disc speed, as well as the variation 

of the braking torque produced by the 

system. 

The experimental data obtained 

from sensors and transducers was 

transmitted by the measuring devices via 

USB interfaces to a computerized 

computing system. 

The measured parameters were 

stored in such a way that their time 

analysis and their dependence on the 

other measured sizes were possible. 

 

Methods, materials and 

discussion  
 

The experimental installation was 

provided with the possibility of changing 

the rotation speed of the disc by using a 

three-phase motor powered by a 

frequency converter.  

Temperatures were measured with 

thermocouples making contact with the 

brake pad material, disc speed via contact 

and optical tachometer, and torque with a 

torque transducer interposed between the 

engine and the brake disk. 

The data were registered in two 

ways, initially without braking (N.B.) and 

subsequently with disc brake (W.B.), in 

various conditions of increase and 

decrease of the speed given by the 

electric motor. 

There was also stored the 

instantaneous data from the frequency 

converter console. Experiments were 
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done with the ventilation system turned off or on.
 

Tab.1. Experimental data for temperature, torque and speed without cooling 
No. Temperature 

[°C] 

Speed 

[rot/min] 

Torque 

[Nm] 

Frequency convertor 

Frequency      Power             Speed                  

Torque 

[Hz] [Kw] [rpm] [Nm] 

 N.B. W.B. N.B. W.B. N.B. W.B.   N.B. W.B.  

1 28,1 28,2 325 297 0 0,07 5,8 0,05 302 291 0,570 

2 28,7 28,9 342 285 0,03 0,13 6,2 0,05 324 299 0,68 

3 29,9 30,1 371 292 0,03 0,13 6,7 0,05 354 320 0,96 

4 31,5 31,7 396 310 0,03 0,15 7,2 0,1 383 341 1,16 

5 32,8 32,9 436 340 0,04 0,16 7,9 0,12 425 380 1,16 

6 33,9 34,1 459 307 0,04 0,20 8,3 0,1 449 374 1,70 

7 35,2 35,3 512 426 0,04 0,16 9,2 0,1 502 460 1,2 

8 36,4 36,6 607 464 0,04 0,22 10,8 0,2 600 530 1,56 

9 39,1 41,2 805 554 0,05 0,30 14,2 0,3 802 696 2,1 

 

Tab.2. Experimental data for temperature, torque and speed with cooling 
No. Temperature 

[°C] 

Speed 

[rot/min] 

Torque 

[Nm] 

Frequency convertor 

Frequency    Power           Speed                  Torque 

[Hz] [Kw] [rpm] [Nm] 

 N.B. W.B. N.B. W.B. N.B. W.B.   N.B. W.B.  

1 25 26 320 316 0,02 0,07 5,8 0 300 280 0,07 

2 26 27 339 223 0,02 0,15 6,7 0,1 352 310 1,07 

3 28 28 365 290 0,03 0,15 6,7 0,1 352 310 1,07 

4 29 30 390 280 0,04 0,19 7,2 0,1 381 320 1,3 

5 31 32 427 330 0,05 0,16 7,9 0,1 421 371 1,34 

6 33 33 464 270 0,3 0,02 8,3 0,1 451 360 1,3 

7 33 33 514 430 0,03 0,16 9,2 0,1 504 460 1,1 

8 33 34 603 457 0,04 0,22 10,8 0,2 598 522 1,55 

9 35 37 801 540 0,05 0,31 14,2 0,3 799 668 1,8 

 

Tab. 3. Temperature, speed and torque 

variation for 300 rpm engine speed 
Nr.  

Crt. 

Temperature  

[°C] 

Speed 

[rot/min] 

Torque 

[Nm] 

1 25 312,62 0,0 

2 25 312,19 0,0 

3 25 310,86 0,1 

4 25 310,82 0,1 

5 25 308,27 0,1 

6 25 307,36 0,1 

7 25 305,43 0,1 

8 25 304,26 0,2 

9 25 302,82 0,2 

10 25 295,34 0,2 

11 25 291,74 0,2 

12 25 288,68 0,2 

13 25 289,21 0,3 

14 25 279,73 0,3 

15 25 284,24 0,3 

16 25 283,95 0,3 

17 25 294,51 0,3 

18 25 297,16 0,2 

19 25 298,38 0,2 

20 25 296,00 0,2 

21 25 297,57 0,2 

22 26 276,81 0,2 

23 26 283,84 0,3 

24 26 284,54 0,3 

25 26 280,07 0,3 

26 26 284,04 0,3 

27 26 288,45 0,3 

28 26 286,93 0,3 

29 26 286,72 0,3 

30 26 282,79 0,3 

31 26 287,11 0,3 

32 26 285,20 0,3 

33 26 288,30 0,3 

34 26 284,88 0,3 

35 26 280,05 0,3 

36 26 282,50 0,3 

37 26 280,66 0,3 

38 26 280,87 0,3 
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39 26 285,06 0,3 

40 26 288,06 0,3 

41 26 286,04 0,3 

42 26 286,56 0,3 

43 26 292,16 0,2 

44 26 291,55 0,2 

45 26 287,23 0,3 

46 26 305,57 0,2 

47 26 305,78 0,2 

48 26 269,18 0,2 

49 26 237,52 0,4 

50 26 233,21 0,5 

51 26 280,90 0,4 

52 26 300,28 0,2 

53 26 307,74 0,2 

54 26 278,43 0,3 

55 26 265,89 0,4 

56 27 293,00 0,4 

57 26 297,31 0,3 

58 26 288,85 0,2 

59 27 293,39 0,2 

60 27 293,76 0,2 

61 27 297,44 0,2 

62 27 308,27 0,2 

63 27 307,31 0,2 

64 27 301,40 0,2 

65 27 290,27 0,2 

66 27 302,13 0,2 

67 27 305,40 0,1 

68 27 307,72 0,1 

69 27 313,60 0,1 

70 27 313,51 0,1 

71 27 292,89 0,3 

72 27 255,03 0,4 

73 27 260,23 0,4 

74 27 270,48 0,2 

75 27 312,43 0,1 

76 27 312,96 0,1 

 

In fig. 1-3 there are represented the 

curves of variation of temperature, torque 

and speed of the brake disc for the initial 

speed of 300 rpm. 

 

 
Fig. 1. Temperature variation at 300 

rpm 

 

 
Fig. 2. Speed variation at 300 rpm 

 
Fig. 3. Torque variation at 300 rpm 

 

 

Influence of the speed and torque 

over the temperature in the braking 

area is shown in fig. 4. 
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Fig. 4. Temperature variation related to 

speed and torque at 300 rpm 

 

In fig. 5-7 there are indicated the 

influences of an initial 500 rpm speed over 

the temperature, speed and torque of the disk 

brake.  

 

            Tab.4. Temperature, 

speed and torque variation for 500 rpm  

No 

Temperature 

[°C] 

Speed 

[rot/min] 

Torque 

[Nm] 

1 26 513.04 0 

2 26 503.39 0.1 

3 26 421.07 0.2 

4 26 405.03 0.4 

5 26 385 0.6 

6 26 500.34 0.6 

7 26 511.57 0.4 

8 26 512.06 0.1 

9 26 510.09 0.1 

10 26 414.51 0.7 

11 26 337.57 0.7 

12 26 357.53 0.7 

13 26 357.8 0.7 

14 26 290.51 0.7 

15 27 496.47 0.6 

16 27 509.75 0.3 

17 27 510.2 0.1 

18 27 510.58 0.1 

19 27 511.21 0.1 

20 27 506.9 0.1 

21 27 499.69 0.1 

22 27 489.93 0.1 

23 27 502.67 0.1 

24 27 501.7 0.1 

25 27 501.5 0.1 

26 27 500.99 0.2 

27 27 501.62 0.1 

28 27 500.42 0.1 

29 27 500.87 0.1 

30 28 500.3 0.1 

31 27 495.67 0.1 

32 27 496.72 0.1 

33 28 495.93 0.1 

34 28 477.18 0.2 

35 28 477.27 0.3 

36 28 472.96 0.3 

37 28 476.79 0.3 

38 28 467.88 0.3 

39 28 476.59 0.3 

40 28 509.19 0.2 

41 28 509.57 0.1 

42 28 509.35 0.1 

43 28 510.76 0.1 

44 28 510.04 0.1 

45 28 499.73 0.1 

46 28 464.66 0.3 

47 28 443.37 0.4 

48 28 423.04 0.5 

49 28 439.09 0.5 

50 28 433.65 0.5 

51 28 420.54 0.5 

52 28 421.72 0.5 

53 28 423.65 0.5 

54 29 427.52 0.5 

55 29 426.44 0.5 

56 29 426.17 0.5 

57 29 425.28 0.5 

58 29 425.78 0.6 

59 29 385.52 0.6 

60 29 389.11 0.6 

61 29 391.95 0.6 

62 29 394.02 0.6 

63 29 393.93 0.6 

64 29 403.87 0.6 

65 30 417.34 0.6 

66 30 363.26 0.8 

67 30 325.15 0.7 

68 30 364.12 0.1 

69 30 509.32 0.1 

70 30 508.73 0.6 

71 30 485.97 0.5 

72 31 503.18 0.2 

73 30 503.89 0.2 

74 30 504.25 0.1 

75 31 503.46 0.1 

76 31 503.94 0.1 
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Fig. 5. Temperature variation at 500 rpm 

 

 

Fig. 6. Speed variation at 500 rpm 

 

Fig. 7. Torque variation at 500 rpm 

 

Influence of the speed and torque over 

the temperature in the braking area is shown 

in fig. 7. 

 

 

Fig. 7. Temperature variation related to 

speed and torque at 500 rpm 

 

Figures 8-10 show variations in 

temperature, speed and torque without and 

with disc braking when the ventilation is off. 

 

 

Fig. 8. Temperatures with no brake and 

with brake when ventilation is off 

 

Fig. 9. Speed with no brake and with 

brake when ventilation is off 

 



  
Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

 

146 

 

 

Fig. 10. Torque with no brake and with 

brake when ventilation is off 

 

Influence of the speed and torque over 

the temperature without ventilation is shown 

in fig. 11. 

 

 

Fig. 11. Temperature variation related to 

torque and speed when cooling is 

shutdown 

Figures 12-14 show variations in 

temperature, speed and torque without and 

with disc braking when the ventilation is on. 

 

Fig. 12. Temperatures with no brake and 

with brake when ventilation is on 

 

 

Fig. 13. Speed with no brake and with 

brake when ventilation is on 

 

 

Fig. 14. Torque with no brake and with 

brake when ventilation is off 

 

 

Fig. 15. Dependency of temperature to 

torque and speed when ventilation is on  

Fig. 15 shows the variation of the 

temperature related to torque and speed 

without ventilation.  
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Conclusion 

 

 The experimental data allowed the 

analyze of thermal phenomena and it can be 

observed that the variation of temperature is 

the limits of 28,1 to 41,2 0C when forced 

cooling is used, meaning an increase of  46,6 

%. The speed drop from 805 to 554 rpm, 

45,4%, creates a increased temperature and 

also the resistant torque which influence the 

power consumed by the converter to increase 

from 0,05 kW to 0,3 kW, which means 500%. 

In the situation of ventilation use, temperature 

variation is in the 26 to 37 0C limits, meaning 

42,5%. The torque determined by the 

converter has also variations in the limits of 

0,57 to 2,1 Nm for the situation of function 

without ventilation and from 0,07 to 0,8 Nm 

in the case of ventilation use. 

The measured data can be used by 

researchers and producers in optimization 

research. 
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SOME CONSIDERATIONS ON TAGUCHI'S QUALITY-LOSS FUNCTION 

 

Călin Deneș, "Lucian Blaga" University of Sibiu, ROMANIA 

 

 
ABSTRACT:  The paper describes Genichi Taguchi's major contributions to engineering techniques, with the aim of 

achieving the rapid amortization of quality-related costs, seeking the optimization of the product's design and 

manufacturing processes, with positive effects on the product's utilization. The author determined the tolerances to be 

applied to the nominal value of specific quality characteristics of a sample product. To exemplify the practical relevance 

of the quality-loss function, a sliding fit is considered. Using the quality-loss function, we can cause the rethinking of a 

product's design and can also improve on the way manufacturing processes are run and controlled in Romanian 

companies. 

 

KEY WORDS:  Quality-loss function, product design, product manufacturing. 

 

1. INTRODUCTION 
 

Today, many manufacturers worldwide are 

paying increasing attention to quality for a 

variety of reasons.  

Since goods are a produce of manufacturing 

processes, their quality depends directly on 

the quality of these. Therefore, many of the 

recent studies have concentrated on 

improving the quality of the manufacturing 

processes. 

Concepts developed by Japanese quality 

specialists regarding the consistency of 

products differ from those raised by their 

Western counterparts. This suggests the 

possibility of economic losses, financially 

measurable, even when the products are 

obtained at the limit of the prescribed 

tolerances.  

One of the greatest exponents of the Japanese 

school of quality is, undoubtedly, Doctor 

Genichi Taguchi.  

His major contribution is his entwinement of 

engineering techniques with mathematical 

statistics, with the aim of achieving the rapid 

amortization of quality-related costs, seeking 

the optimization of the product design and 

manufacturing processes, with positive effects 

on the utilization of products.  

He is owed tribute for defining the quality-

loss function and the signal / noise ratio, both 

paramount applications in ameliorating costs.  

Approaching the quality issue in Taguchi's 

manner, a.k.a. the Taguchi method, occurred 

in the US during the 1980s.  

First, it was adopted by the AT&BELL 

Laboratories, followed by Ford Motors and 

Xerox.  

Doctor G. Taguchi contributed to the 

development of the American Supplier 

Institute, whose purpose was to increase the 

application range of his methods and ideas. 

The latter have now been adopted by 

hundreds of companies across the US. 

Taguchi's approach has only flourished after 

1990 in Western Europe, while here in 

Romania it is almost never used. 

Consequently, Romanian universities are 

called out to promote this modern approach, 

in view of smoothing the existing lags 

between our country and more developed 

economies. 

 

2. THE EFFECTS OF TAGUCHI'S 

QUALITY-LOSS FUNCTION ON 

PRODUCT DESIGN 

 

The quality-loss function is one of Taguchi's 

main contributions, which defines quality as a 

money-saving characteristic for both the 

manufacturer and the end user at a global and 

social scale. This being the case, it is natural 

that we be preoccupied in lowering quality-

related losses even from the product 

designing stage.  

Genichi Taguchi has issued a simplifying 

hypothesis, which states that loss is 

proportional to the square of the 

characteristic's deviance from the target value. 
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G. Taguchi's quality-loss function is defined 

as follows: 

 

L(y) = k(y-yN)
2
   (1) 

 

where: L(y) expresses the unitary loss, 

measured in monetary units; y is the value of 

the measured characteristic; yN represents the 

nominal value, meaning the target value and k 

is a financial valorization constant, whose rate 

depends on the case under discussion. 

The relation between the tolerance interval 

and Taguchi's approach is shown in Figure 1. 

 
Figure 1. The relation between the tolerance interval and Taguchi's approach 

 

It can be noticed that the quality-loss function 

varies for different quality characteristics 

within the tolerance bounds prescribed by the 

classic approach. Through this function, G. 

Taguchi materializes the idea that loss is a 

continuous function of the deviance as 

compared to the target value, and that this 

deviance fails to appear abruptly upon 

surpassing the bounds of a tolerance, which is 

often randomly defined. The loss is smallest 

for y=yN and it soars when the values vary: 

slowly at first, then more and more rapidly, as 

they diverge from the target value.  

The Western industry is always concerned 

with following tolerances, failing to take into 

account their dispersion according to the 

targeted nominal value. One of the Japanese 

companies' advantages is that they are 

increasingly interested in achieving the 

targeted values and reducing dispersions 

progressively.  

The 'quality-loss function' allows us to 

quantify the quality of a single given part or 

product. In the case of mass manufacturing, 

we wish to evaluate the average quality of a 

lot or a sample of products. In order to 

achieve this, we utilize the mean of the (yi - 

yN)
2
 values, known as standard deviation, 

where yi represents the measured values for n 

parts of the lot: y1, y2,…, yn and yN the 

nominal value. We thus obtain: 

 

 




  2

N
yy2sk)y(L   (2) 

 

where s represents the standard deviation for 

the measured values: y1, y2, …yn and y  the 

arithmetic mean of the y1, y2, …yn measured 

values. There is a single product that leads to 

the particularization of relation (1) and results 

in the standard value (s = 0).  

It is obvious that minimizing loss means 

reducing the dispersion around the average 

value corroborated with the lessening of the 

average deviation against the nominal value. 

The best product is the one characterized by 
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the targeted nominal value. The true way of 

minimizing quality loss is to reduce the 

deviances against the target values and not set 

'compliant / non-compliant' limits.  

L(y) takes different forms if the optimization 

criteria need maximizing or minimizing. 

When we need to minimize the criteria, the 

quality-loss function can be calculated using 

the following relation: 

 

 




  2y2sk)y(L    (3) 

 

and when we wish to minimize a criterion, the 

quality-loss function becomes: 
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2
 (4) 

 

Subsequently, upon designing a product, it is 

necessary that quality characteristics be 

correctly limited, according to this new 

approach. For dimensional quality 

characteristics, for example, it is opportune 

that the nominal value come with bottom 

inferior and superior deviances, equal and of 

opposite signs.  

In this case, we can make use of a broader 

field, located around the nominal value, given 

acceptable quality losses. If we dimension by 

using a maximum amount of material – a very 

common practice in Romania – then the 

previously-mentioned field becomes reduced 

by half. Consequently, we must reconsider the 

dimensions and drawings prescribed on our 

drawings. We might have to adapt the system 

of fits currently in use to the particularities of 

Taguchi's approach. 

To exemplify the practical relevance of the 

quality-loss function, let us consider a sliding 

fit (Figure 2) that belongs to the present 

system of fits. 

 

 

dmax 

dmin 

Td 

Jmax 

Dmin 

Dmax 

TD 

Nd=ND 

Figure 2.  Sample sliding fit 

 

 

The fit will work correctly for the product that 

contains it, until the allowance reaches the 

maximum rated value (Jmax). If the two 

components are manufactured at the nominal 

value (Nd = ND), then the fit will have a 

maximum lifespan, since the wear must cover 

both parts' tolerances until the maximum 

allowance is reached. If we consider the 

extreme situation, when we manufacture the 

parts to the limit – that is to say the spindle's 

diameter is minimum (dmin) and the bore 

hole's is maximum (dmax) – the fit's lifespan is 

minimum. Although the two components are 

produced within the prescribed tolerances – 

even if barely – it won't take long until the 

wear will exceed the maximum allowance, 

which requires the replacement of both the 

fit's components. In the first case, the losses 

will be minimum for both the manufacturer 

and the beneficiary, whereas in the second 

case they are maximum. 
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3. THE EFFECTS OF 

IMPLEMENTING TAGUCHI'S 

QUALITY-LOSS FUNCTION ON 

PRODUCT MANUFACTURING 

 
Three of the cases presented in Figure 3 – a, 

e, and g – represent centered manufacturing 

processes. In the first case, (a), the dispersion 

of quality characteristics covers the entire 

tolerance, in the second, (e), the dispersion 

goes down to values neighboring the center of  

the tolerance interval, while the process 

shown in (g) is imprecise and outside the 

prescribed limits.  

Manufacturing processes are to be managed 

and run to achieve compliant parts within 

prescribed tolerances, minimizing financial 

losses that lead from the quality-loss function. 

This means reconsidering certain current 

concepts and practices. If we consider a 

manufacturing process's capability and 

dynamic stability concepts, we can evince 

several possible alternatives for 

manufacturing processes, as shown in Figure 

3. 

 
Figure 3.  Alternatives to manufacturing processes 

 

Three of the cases presented in Figure 3 – a, 

e, and g – represent centered manufacturing 

processes. In the first case, (a), the dispersion 

of quality characteristics covers the entire 

tolerance, in the second, (e), the dispersion 

goes down to values neighboring the center of 

the tolerance interval, while the process 

shown in (g) is imprecise and outside the 

prescribed limits.  

According to the classic approach, case (a) 

would be considered a precise and centered 

process because quality characteristics are 

centered on the average value (TC) and the 

dispersion of quality characteristics (6ζ) is 

ultimately equal to the tolerance (T =TS –TI). 

Case (a) is also considered to be 

uneconomical, by requiring too precise a fit 

for the prescribed quality characteristic.  

In order to minimize the quality-loss function, 

Taguchi's approach only admits of a 

processing whose distribution is similar to 

that of case (e), corroborated with choosing 

the nominal value equal to the average mean 

for the quality characteristic. The other cases 

presented in Figure 3 are unaccepted 

according to either of the two approaches, 

since they are off-centered (b, c, and f), 

imprecise (d, g) or both off-centered and 

imprecise (h) manufacturing processes.  

 So as to reduce the quality losses to 

the minimum, manufacturing processes are to 

be centered on the quality characteristics' 

nominal value and the dispersion of the values 

that are obtained to be as small as possible 

and centered on the nominal value. 
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4. CASE STUDY 

 

In order to exemplify Genichi Taguchi's 

concepts presented hitherto, let us assume we 

want to manufacture the parts according to the 

25 H7/h6 fit.  

The classical manufacturing process of the 

parts assumes the following: the shaft's 

diameter is between dmin = 24, 987 and dmax = 

25, while the hole's diameter is between Dmin 

= 25 and Dmax = 25,021. The dispersion of the 

diameters can cover the whole tolerance: 

6s=T; in this case the parts are manufactured 

as required.  

To minimize the quality-loss function, 

Taguchi's approach only admits a very small 

dispersion, which has to be as close to the 

nominal value as possible. 

Taguchi's quality-loss function value is a lot 

smaller than that of the classical function, 

which describes the manufacturing of parts. 

In order to study the variation of the quality-

loss function based on the reduction of the 

dispersion interval of the diameters' values, 

let us consider the cases a through f, as 

depicted in Table 1. 

 

 

Table 1.  The studied cases - values obtained 

Cases 

Values obtained 

Shaft 

Taguchi=%Classic 

Gain  Q  

[%] 

Bore 

Taguchi=%Classic 

Gain  Q 

[%] 

a 6s=(1/4)·T s=T/24 6,25 93,75 6,25 93,75 

b 6s=(1/3)·T s=T/18 11,11111 88,88888889 11,11111 88,88889 

c 6s=(1/2)·T s=T/12 25 75 25 75 

d 6s=(2/3)·T s=T/9 44,44444 55,55555556 44,44444 55,55556 

e 6s=(3/4)·T s=T/8 56,25 43,75 56,25 43,75 

f 6s=T s=T/6 100 9,83817E-11 100 0 

 

The cases a – e represent Taguchi's approach, 

and f is a specific manufacturing case. For 

each case we determined the ratio between 

L(y), expressing the quality-loss function and  

 

 

k, a financial valorization constant whose rate 

depends on the case under discussion. The 

values obtained are presented in Table 2. 

 

 

Table 2. Values of the L(y)/k ratio 

 

 

Cases 

 

L(y)/k 

Shaft Bore 

Classical Taguchi Classical Taguchi 

a 6s=(1/4)·T s=T/24 4,69E-05 2,93403E-06 0,000123 7,66E-06 

b 6s=(1/3)·T s=T/18 4,69E-05 5,21605E-06 0,000123 1,36E-05 

c 6s=(1/2)·T s=T/12 4,69E-05 1,17361E-05 0,000123 3,06E-05 

d 6s=(2/3)·T s=T/9 4,69E-05 2,08642E-05 0,000123 5,44E-05 

e 6s=(3/4)·T s=T/8 4,69E-05 2,64062E-05 0,000123 6,89E-05 

f 6s=T s=T/6 4,69E-05 4,69444E-05 0,000123 0,000123 

 

It can be observed from Table 1 and 2 that if 

the manufacturing is done according to 

Taguchi's approach, the quality-loss function 

L(y) is very much diminished. It is quite 

sufficient to limit the area of dissipation to the  

 

 

value 6s=(3/4)·T to achieve remarkable 

quality (43,75%).  

The significance of L(y) to Taguchi's 

approach compared to the classical approach 

is presented in Figure 4. 
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Figure 4.  L(y) values of different dispersions 

 

If the dissipation area is reduced, the loss of 

quality is minimized and the financial gain is 

a lot higher. This leads to an increasing 

manufacturing price for the adjustment, but it 

ensures better reliability. The advantage 

obtained in use, resulting from increasing the 

adjustment's reliability outclasses the markup 

of the manufacturing significantly. 

Accordingly, on the whole, Taguchi's 

approach yields an obvious financial gain to 

the detriment of the classical approach. 

 

5. CONCLUSIONS 

 

The utility of Genichi Taguchi's concepts to 

the design, manufacturing and utilization of 

products is unequivocal. They permit the 

improvement of the quality of products 

through the reduction of loss at every stage of 

existence of a product.  

Using the quality-loss function can lead to the 

rethinking of the design of a product, and it 

can also improve the way manufacturing 

processes are run and controlled. In other 

words, Romanian companies can embrace a 

new way of regarding manufacturing.  

Concepts specific to Taguchi's approach are 

easily implemented considering we relinquish 

the old habits and adopt a new organizational 

culture. It is necessary that they be promoted, 

and universities are the first responsible with 

this mission. Implementing these concepts 

will lead to undeniable benefits for any 

industrial user. 
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ON THE RELIABILITY OF SYSTEMS WITH COMPONENTS SUBJECTED 

TO VARIABLE LOADS 

 

Călin Deneș, "Lucian Blaga" University of Sibiu, ROMANIA 

 

 
ABSTRACT:  The paper describes the issue of calculating the provisional reliability of products with fatigue-exposed 

components during their utilization under normal working conditions. The difficulty of these calculi is caused by the 

intricate assessment of reliability indexes specific to variable charges. Following a brief introduction in this field, the 

paper presents the particularities of the reliability calculi for fatigue-influenced elements. Some elements characteristic 

to fatigue are then present, outlining the Wöhler (durability) curve used in calculating the resistance to fatigue (the 

durability curve) and the exponential model of the reliability function. The proposed method of calculus is original, 

easily applicable, and it allows the assessment of reliability for several types of complex products with fatigue-exposed 

components. 

 

KEY WORDS:  product reliability, calculating reliability indexes, fatigue, variable loads. 

 

1. INTRODUCTION 
 

The problem of reliability is posed at every 

stage of existence of a product, even since the 

design phase. 

In many practical cases, products or parts of 

them, are subjected to dynamic loads, so static 

charges calculi can no longer suffice. An 

outstanding instance of a dynamic load is 

fatigue resistance. Fatigue resistance is the 

property of metals and alloys to resist to 

repeated (cyclical) loads. Fatigue loads appear 

as a result of certain time-variable loads. If 

part of a product is subjected to fatigue, 

predicting its reliability becomes a 

complicated issue, especially since there is a 

chance it might fail when reaching a load 

which is lower than the maximum prescribed. 

Consequently, the product could break down 

even if loads are lower than prescribed for 

normal working conditions. It is thus well-

advised that we assess the reliability of 

fatigue-exposed components, starting from 

the design phase. 

The reliability of intricate systems can be 

calculated by using the well-known relations 

expressed for serial- and parallel-structure 

products (Deneş, 2014). Any given hybrid 

structure can be divided into branches of 

serial or parallel connections or into groups of 

elements connected in parallel. Then, through 

the above-mentioned formulas, we can 

calculate the reliability of any suchlike-

structured product.  

The only hindrance that might occur while 

performing these calculations could reside in 

fatigue-exposed components, since the latter's 

reliability is hard to assess. The reliability of 

such components greatly depends on the 

characteristics of the load cycle and the 

amount of the average loads and their 

amplitudes, as will be shown next. 

 

2. CHARACTERISTICS OF THE 

FATIGUE PHENOMENON 

CAUSED BY VARIABLE LOADS 

 

Certain parts of products are exposed to 

variable and recurrent exterior forces. These 

components are replaced when they become 

damaged. They break down as a result of the 

exposure to recurrent and variable charges 

and are called fatigue fractures. There are 

differences between these ruptures and those 

caused by constant loads. Fatigue fractures 

usually occur at much lower loads than would 

be necessary to cause a rupture under static 

circumstances. They are also very dangerous 

as they are preceded by no visible alterations 

in the product's physical aspect or 

dimensions.  
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Ruptures caused by fatigue can easily be 

recognized by the existence of two distinct 

areas: a shiny, relatively smooth area which 

notwithstanding this fact shows the way the 

incipient fracture formed and developed in 

time and a matte one, presenting asperities 

associated with the final, instantaneous break. 

Fatigue resistance decreases with the increase 

in the part's dimensions and the material's 

tensile resistance. Fatigue ruptures have a 

fragile character.  

While studying variable stationary loads, we 

consider that the loads applied to the parts and 

thus the tensions they generate, vary 

periodically, at a certain frequency, as shown 

in Figure 1. 

 
Figure 1.  Variable loads 

 

The variation of the tension (normal, ζ or 

tangential, η), from a random value until we 

reach the same value and direction of 

variation, produces a variable-load cycle, 

which takes place throughout period T 

(Figure 1).  The tension only reaches the peak 

value once during a cycle, and it is called 

maximum tension (ζmax, ηmax), or upper 

tension limit. The lowest value – also called 

minimum tension (ζmin, ηmin), or lower tension 

limit – is only reached once during a cycle, as 

well. 

The cause of variable-load cycles is either the 

parts' gyration or their straight reciprocating 

movement. Looking at Figure 1, we can easily 

tell that if we are familiar with the average 

tension and the tension's amplitude, we can 

calculate the extreme tensions. Thus, a 

variable-load cycle is either defined by its 

extreme values ζmax (ηmax), ζmin (ηmin) or by 

the mean value and amplitude ζm (ηm) and ζa 

(ηa). The following ratio is also known as the  

 

 

 

cycle's index of asymmetry:  R = ζmin  / ζmax 

or R = ηmin  / ηmax . 

According to the size of the characteristic 

tensions (extreme tensions, average tension 

and the amplitude of tension), and to the 

index of asymmetry, we can have the 

following variable-load cycles: symmetrical 

cycles – where ζmax = - ζmin , ζm = 0, ζa = ζmax, 

R = -1  or ηmax = - ηmin , ηm =0,  ηa = ηmax , R = -

1, asymmetrical cycles – all cycles whose R ≠ 

-1, alternating cycles: tension changes its sign 

throughout a single period, and undulated 

cycles – tension maintains its polarity 

throughout the whole period. Undulated 

cycles can be either positive or negative. In 

case one of the tension's extremes is null, the 

undulated cycle is called pulsating instead; 

the latter can be positive (R = 0) or negative 

(R = ±∞). When the cycle's amplitude is very 

small, it can practically be considered null, in 

which case the load is considered to be static.  

Fatigue resistance is usually measured with 

the aid of fatigue-testing machines especially 

built for: pure bending test bars, pulsating-
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cycle testing, twisting tests, traction tests, and 

compound-load tests. These machines are also 

equipped with cycle counters. If we perform 

fatigue tests on bars that are loaded at 

tensions ζi (ηi) below the tensile strength limit 

ζr (ηr) and count the number of cycles during 

which the fracture occurs (Ni), we can trace a 

diagram similar to the one in Figure 2. The 

curve presented in Figure 2, whose asymptote 

quantifies fatigue resistance ζR (ηR), is called 

the durability curve or Wöhler's curve 

(diagram). 

 

Figure 2.  Wöhler's Diagram (Florea et al., 1998)

 

Fatigue resistance represents the load cycles' 

maximum peak tension that the test bar can 

undergo indefinitely without breaking. Since 

testing cannot be practically carried 

indefinitely, testing is usually limited to a 

certain number of cycles, N0, also known as 

loading base. We usually consider N0 = 10
6
 

… 10
7
 cycles for steel and N0 = 5x10

7
 … 10

8
 

cycles for light alloys. We often employ the 

logarithmic scale for the horizontal axis. Any 

given material has infinite fatigue resistances, 

according to both the performed-cycles' 

asymmetry index and the type of load. The 

most popular fatigue resistances are those of 

symmetrical cycles, followed by the pulsating 

ones. Within a given load, symmetrical cycles 

give out the lowest fatigue resistances; 

pulsating cycles include greater values of 

fatigue resistance, while the static-fractured 

ones contain the greatest. Since the static 

charges' asymmetry index is R = +1, fatigue 

studies usually employ the following notation, 

as well: ζR = ζ+1 (ηR = η + 1), where ζR is the 

static fracture resistance.  

 

 

 

Specialty papers include empirical relations 

that show the connections between fatigue 

resistance and static rupture strengths. They 

also present values of fatigue resistance for 

various materials, in relation to the type of 

load and the nature of the stress cycle.  

We can also use the fatigue-resistance 

diagram (Haig's diagram) or the extreme 

cycles' curve. The latter can be traced using 

ζm, ζa (respectively ηR, ηR) coordinates. We 

can also use Smith's diagram, which means 

tracing extreme tensions (minimum and 

maximum) according to the average one. In 

practice, we usually schematize Haig's 

diagram through straight lines (the Gerber, 

Goodman, Soderberg, Serensen methods), 

which allows us to set safety margins more 

conveniently. Fatigue-resistance diagrams 

help define fatigue-stress safety margins. 

Unfortunately, specialty papers fail to make 

note of their practical implementations and 

the assessment of reliability. 

 

 



  
Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

 

160 

 

3. RELATIONS BETWEEN 

DURABILITY CONCEPTS, 

FATIGUE RESISTANCE, AND 

RELIABILITY 
 

All products: machines, equipment, devices, 

etc. have limited durability. In this context, 

fatigue resistance, which according to the 

definition refers to unlimited durability, is an 

exaggeration. Thus, the modern limited-

durability calculus method was developed by 

several authors, being very popular. It is 

based on Wöhler's diagram, which is drawn – 

for that particular part – in the shape of a 

polygonal path, as shown in Figure 3. If a part 

undergoes a variable stress, whose tension is 

ζmax = ζF (ηmax = ηF) and the first occurs an 

indefinite number of times, respectively if 

NF>N0, then the extreme condition is obtained 

by drawing a vertical line (FLF). Point LF can 

be placed anywhere on the horizontal segment 

BC, since the extreme condition is always 

defined by the fatigue resistance – ζR (ηR). 

 

σmax, τmax 

σL, τL 

σN, τN 

σR, τR 

σF, τF 

A 

B C 
M 

L1 

L2 

F 

N NL N0 

  

NF 
 

 

NF 
 

 

N 

[cycles] 

LF 

NS 

A’ 

B’ 

 
Figure 3.  Limited durability (Florea et al., 1998)

 

However, everything changes if the stress, 

represented by point M is applied throughout 

a duration where N < N0. This point 

represents the unitary-effort load ζN (ηN) that 

ensures durability throughout N loading 

cycles. Since ζN > ζR (ηN > ηR), the N-cycle 

durability is a limited one. We can establish 

two extreme conditions, by drawing a vertical 

and a horizontal line through point M: the 

resistance duration, ζL (ηL), corresponding to 

N loading cycles, and the lifespan, NL, 

corresponding to the ζN (ηN) tension. 

The first extreme condition is useful in 

strength calculations like the maximum loads 

a product can handle throughout a certain 

number of cycles. The second extreme 

condition is useful in assessing the product's 

durability – which functions under well-

known loads – and its reliability.  

Segment AB is Wöhler's extreme durability 

curve (Figure 3). Sometimes, certain parts 

only work for a limited period of time, 

inferior to the number of cycles that would 

lead to the reaching of the fatigue resistance 

(N0), after which they are discarded. In this 

case, we no longer calculate the fatigue- 

resistance index; instead we perform a 

limited-durability calculus.  

The method presented is used to determine 

certain parts' physical durability. In the field 

of design, we usually encounter new parts, 

which do not come with Wöhler's curve. 

Durability calculus means choosing allowed 

superior resistances higher than those of 

perennial parts. In these cases, durability 

resistance is calculated through mathematical 

modeling, by using the similarity between 

Wöhler's diagram, which shows the test bar's 

behavior, and the studied part, using – as 

appropriate – one of the following relations:  

N · ζ
m

 = N0 · ζR
m

 = const.  (1) 

N · η
m

 = N0 · ηR
m

 = const.   (2) 

where (N, ζ), and (N, η), respectively, are 

coordinates of a point situated on segment 

AB, shown in Figure 3. We must note that the 
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above relations can only apply to the limited-

durability zone (segment AB, Figure 3) where 

ζ > ζR and η > ηR. As an average value for 

steel, we can consider N0 = 10
6
 … 5·10

6
 and 

m=9. 

The limited-durability calculus allows us to 

use material, energy, and workmanship 

rationally, which is why it is essential to the 

design of mass-produced parts. Durability is, 

in fact, the time between failures, until the 

product is made redundant due to its fatigue-

caused rupture.  

This is why the number of load cycles until 

failure corresponds to a period that can be 

associated to the mean time between failures 

(MTBF). By knowing the duration of a 

loading cycle for a well-known charge, T – 

measured in hours / cycle, we can calculate 

the time between failures, TBF, by using the 

following relation: 

TBF = NL · T [hrs.]   (3) 

Since Wöhler's diagram can only be traced for 

a limited number of parts (or test bars) made 

from heterogeneous materials, under close, 

non-identical conditions, and since products 

are used under different circumstances by 

each user, in order to assess the mean time 

between failures correctly, we can correct the 

situation by moving segment AB into position 

A'B', through an NS offset, as shown in Figure 

3.  

We thus reduce the durability described via 

Wöhler's diagram by a number of working 

cycles NS, approximately equal to 5% of the 

traced durability. Using this approximation, 

the mean time between failures for a known 

charge (the unitary-effort stress ζN, and ηN, 

respectively) will be:  

MTBF = 0,95 · NL · T [hrs.]  (4) 

If we consider that there is a relationship 

between the mean time between failures 

(MTBF) and the intensity of failures (λ ): 

MTBF = 1 / λ    (5) 

we can perform reliability calculi for the 

considered part, based on information 

provided by Wöhler's diagram. If we employ 

the reliability function's exponential model, 

reliability and non-reliability can be 

calculated using the following relations:  

 

R (t) = e
-λt

,    (6) 

F (t) = 1- e
-λt

.    (7) 

Starting from Wöhler's diagram, we can 

obtain the four reliability indexes we need: 

MTBF, λ, R(t) and F(t). Therefore, we can 

assess a product's reliability using a diagram 

especially employed in performing stress 

calculations. If a product contains a fatigue-

exposed element, it is enough that we identify 

Wöhler's diagram for the material the 

component is made of and already we can 

assess its reliability.  

If Wöhler's diagram is unavailable, it can be 

traced by straining the element in the same 

way it will be stressed when being a part of 

the product, by using test bars prepared in the 

same way, and using the same material that 

characterizes that element. 

 

4. ANALYZING THE 

RELIABILITY OF PRODUCTS 

THAT CONTAIN FATIGUE-

EXPOSED COMPONENTS 

 

Products that contain fatigue-exposed 

components can be performed provisional 

reliability calculi upon only if all components' 

reliabilities are known. Fatigue-exposed 

components will finally render the product 

useless exclusively due to the fracturing of 

their material.  

This is the consequence of a fatigue-exposed 

material, considering this happens during 

working conditions, under lower-than-

prescribed loads. In order to perform the 

adequate provisional reliability calculi, we 

propose following the working algorithm 

presented in Figure 4.  

After doing the assembly drawing, we can 

move on to the functional-connections' 

diagram and then we can collect data 

regarding the components' reliability.  

In the case of fatigue-exposed elements, we 

can use Wöhler's diagram – which can be 

found in specialty papers – or perform tests 

that will allow us to draw it. 
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 Making the assembly 

drawing 

Building the functional-connection‘s diagram 

Collecting data on the elements‘ 

reliability 

Have all data been collected? 

Reliability calculi; (see Deneş, 2014) 

Is the product‘s reliability 

adequate? 

START 

Identifying ways of designing 

STOP 

Wöhler 

diagrams 

Calculating reliability 

indexes 

Rel. (4) … (7) 

N 

Y 

Y 

N 

 
Figure 4.  Working algorithm

 

Then, based on the relations above, we can 

calculate reliability indices for both the parts 

and the product itself. Based on these results, 

we can come up with solutions that will 

improve the product's design. We can also 

specify allowances that will increase the 

reliability of the whole assembly. 

 

5. CONCLUSIONS 

 

Calculating the provisional reliability of 

fatigue-exposed products is a very difficult 

problem, due to the difficult appraisal of its 

components' reliability. Fatigue-exposed 

components cause products to malfunction 

when their materials break, at lower loads 

than prescribed, due to the variable loads they 

are subjected to.  

 

 

 

Products' provisional reliability can be 

calculated if we are acquainted with both the 

diagram of functional connections, and with 

all the elements' reliability. The fatigue-

exposed elements' reliability can in turn be 

assessed if we cover the material's Wöhler 

diagram.  

Based on the previously described calculi 

relations, and based on the working 

algorithm, we can calculate the reliability of 

any fatigue-exposed product whose 

components function under variable charges. 
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ABSTRACT:  Sustainability topics are influencing the economic success of companies more than ever. Sustainability 

has become a driver for both risks and opportunities in business. Strategic management and information management 

are thus challenged to take into account sustainability information. Independent of the strength of their influence, 

elements of sustainability can work through market or non-market processes to have an effect on business success. 

Building a sustainable business is a long-term and multilevel challenge which requires strategic thinking and a systems 

approach. Corporate sustainability is not an ‗add on‘ but must be an integral part of business and, like all other business 

activities, it must be managed in an appropriate way. This paper aims to identify different approaches of sustainability 

issues in Romanian companies as a response to an increasing pressure from various sources. 

 

KEY WORDS: corporate sustainability, sustainable businesses, environmentally conscious 
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1. INTRODUCTION  
 

In order to solve the environmental issues, 

transition from conventional business to 

environmentally conscious business (eco-

business) is required. Over the last years, 

there has been an increased pressure on 

enterprises to broaden the focus of 

sustainability and accountability in business 

performance beyond that of financial 

performance. Demands for sustainability 

management spring from a variety of sources, 

including societal mandates incorporated into 

regulations, fear of loss of sales, and a 

potential decline in reputation if a firm does 

not have a tangible commitment to corporate 

sustainability management [1]. 

The challenge of sustainable development for 

any business is to ensure that it contributes to 

a better quality of life today without 

compromising the quality of life of future 

generations. If industry is to respond to this 

challenge, it needs to demonstrate a 

continuous improvement of its triple bottom 

line, i.e. economic, social, and environmental 

performance, within new and evolving 

governance systems [2]. 

Building a sustainable business is a long-term 

and multilevel challenge which requires 

strategic thinking and a systems approach. 

Corporate sustainability is not an ‗add on‘ but  

 

 

must be an integral part of business and, like 

all other business activities, it must be 

managed in an appropriate way. 

Although business responses to corporate 

sustainability issues are varied, the core 

message is simple: corporate sustainability is 

a managerial issue as well as a strategic issue. 

Recent research also indicates that a 

company‘s decision to engage in corporate 

sustainability management is a strategic 

choice [1]. At a strategic level, strategic goals 

and tactics can be adopted by companies 

regarding strategic Corporate Sustainability 

Management (CSM). For example, when 

some companies choose achievement of ―an 

increased market share‖ as a strategic goal, 

they can use a certain range of tactics such as 

advertising CSM, CSM-related product and 

service innovation, and CSM application to 

raise rivals‘ costs. In order to implement 

CSM-related strategies in particular, corporate 

managers need to improve their understanding 

of both the implications of their decisions and 

the actions that they can take to produce 

improved performance in sustainability 

management. This requires a careful analysis 

of the performance measurement and the 

related indicators [3]. 
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2. INNOVATION FOR 

SUSTAINABILITY 
 

The two main motivations that companies 

innovate for sustainability are that some seek 

to increase profits by finding solutions to 

isolated, punctual problems, but without 

questioning the framing of the problem, while 

others innovate as they consider themselves 

as ―business within the environment‖. 

The profit oriented approach is mainly 

efficiency-related and the resulting 

innovations or business processes may or may 

not link to social agendas (e.g. prawn 

farming). The ‗big picture‘ may not be taken 

into account when advancing on this path. 

Solving a punctual problem might generate 

other problems, if the larger frame isn‘t 

considered. Changing the frame, the scale, the 

perspective of how we look at different things 

is a big challenge and often generates 

uncertainty. One method to overcome this 

uncertainty is to try to accept different 

perspectives, enlarge the frame and stretch 

boundaries [4].  

Another trigger of sustainable innovation is 

the genuine concern of some businesses for 

the environment and the society. It is an 

ethical question whether private enterprises 

should change present attitudes and shift 

towards lowering social, economic and 

ecological pressures [5]. This approach is 

justified by a cultural change, which implies 

not only a more sustainable lifestyle, but also 

a change of how problems are approached. 

Thus there should be a shift from a problem-

solving situation to a problem-framing 

situation. This means trying to have the ‗big 

picture‘ in mind and the reactions that might 

be generated by our actions. 

Definitions of sustainable development rather 

tell us what to do, not how to do it. One 

cannot say that this concept excludes 

innovation. On the contrary, it implicitly 

suggests that innovation should be oriented 

precisely towards the implementation of the 

concept of sustainable development. 

Innovation is required to find new solutions to 

current problems (with emphasis on creative 

processes) and to implement them in practice, 

turning them into economic, social, ecological 

successes. In this respect, we believe that new 

definitions can be modified to nuance the 

concept of sustainable development or new 

concepts can be defined [4]. 

 

3. RESEARCH METHODOLOGY 
 

3.1 Why research? 

 

Some companies already know that 

sustainability is an issue that shouldn‘t be 

ignored. In order to identify the approach of 

sustainability in companies that activate in 

Romania, regardless of the geographic 

position of their headquarters, an exploratory 

study has been carried on. Although there 

have been made studies regarding the CSR of 

Romanian Companies [6], there was no 

available study to assess how Romanian 

companies are developing and implementing 

sustainable business practices. To identify the 

approach to sustainability and to measure the 

importance that it is given in companies that 

activate in Romania, a study was conducted 

using a questionnaire prepared by Kiron et al 

[7]. The questionnaire was translated into 

Romanian and adapted to the Romanian 

economic environment.  

 

3.2 Research Objectives 

 

The main objective of this research is to 

identify the approach to sustainability and to 

measure the importance it is given in 

companies that activate in Romania, in order 

to assess the need of an instrument for the 

transition towards the sustainable 

organization. 

Secondary endpoints of the study are: 

 Identification of awareness on 

sustainable development and 

sustainable practices; 

 Identification of trends and attitudes 

regarding the integration of 

sustainability into the business 

practices of companies that activate in 

Romania; 
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 Identifying the triggers of the 

transition towards greening the 

organization; 

 Identifying the perceived benefits of 

approaching sustainability. 

 

3.3 Sampling  

 

The survey covered the entire population of 

Romania, which is why it was chosen an 

online method of data collection. Using the 

tool provided by Google-Docs the 

questionnaire has been put online and 

distributed via e-mail, or through social 

networking websites and websites dedicated 

to partnerships between companies (eg 

www.bizoo.ro). Results are sent to the server 

in real time and can be viewed and analyzed. 

432 valid questionnaires were collected, 

which means that for an indeterminate 

population there was a sampling error of + / - 

4.72 % for a confidence level of 95%.  The 

sampling error is very close to the 5%, which 

is generally accepted by the Marketing 

research experts [8]. 

 

4 RESEARCH RESULTS  
 

After collecting and analysing the results, the 

following results were obtained: 

As mentioned, the research aimed to find 

which are the trends in the Romanian 

economic environment, in terms of 

commitment to sustainability and awareness 

of its importance for any organization. The 

first question showed that reducing costs and 

attracting and maintaining talented people are 

two of the main concerns of companies, while 

―responding effectively to threats and 

opportunities of sustainability‖ isn‘t 

considered a major challenge (see figure 1) 

 

 

 
Figure 1.  The primary business challenges facing organizations in the next two years 

When asked what factors are considered to be 

part of sustainability, the Romanian 

companies find the health and welfare of 

employees as the most important factor, 

followed by a greater emphasis on long-term 

prospects and by the economic sustainability 

of the organization (see figure .2) 

95% of companies consider that pursuing 

sustainability-related strategies are necessary 

or will be in the future, in order to be 

competitive. The term sustainability is 

considered concrete and useful by 83% of the 

respondents, while 15% consider it the best 

available option, although they are not 

completely satisfied with it. 
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Figure 2. Factors that are considered as part of sustainability  

 

Since sustainability has become present on 

the agendas of business organizations, 64% of 

respondents argue that the business model of 

their organization has changed due to 

sustainability. 

 

5 CONCLUSIONS 
 

The research confirmed the hypothesis that 

sustainability is given increased attention in 

companies that operate in Romania and it‘s an 

issue that starts to be present on the 

management agenda, as well as in the list of 

priorities of individuals. Implementing 

successful sustainability agendas often 

demands significant organizational change. 

The research showed that many companies 

have significantly altered their organizational 

structures, business models and operations in 

order to address these issues. 

The research brings evidence that the 

commitment to sustainability is growing as 

well as collaboration between organizations 

and external stakeholders. This tells us that 

the society has become more aware of the 

need of transforming the society into a 

sustainable one. 
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ABSTRACT: Humanity is facing unprecedented challenges associated with our interactions with the earth‘s natural 

systems. Human-environment interactions are critically and unsustainably impacted by our current trends and patterns 

of resource consumption and a rapid technological change, together with increased and more complex and 

interconnected societal structure. Human society is facing urgent sustainability changes with rates of change that are 

accelerating in many dimensions. In crisis situations, when challenges are manifested in diverse and diffuse way, 

opportunities are emerging for different societal stakeholders and institutions to engage in new ways. Universities have 

a great potential to address a variety of sustainability challenges that the world is facing. The purpose of this paper is to 

raise awareness and increase consideration for the potential of universities to address some sustainability issues and to 

highlight the challenges and opportunities that the sustainable university might face. 

 

KEY WORDS: sustainable university, change, transition. 

 

 

1. INTRODUCTION  
 

The capacity of universities to be change 

agents in the transition towards sustainability 

[1] depends on its position, structure, its 

relationship within the community where it 

operates and the specific issues and 

opportunities of the community or region. 

Sustainability challenges as well as societal 

values, cultures and expectations are 

heterogenous and there can‘t be a universal 

solution to fix them all.  

Initially defined as being that type of 

development capable to insure the satisfaction 

of present needs without compromising the 

capacity of responding to that of the future 

generations[2], sustainable development has 

fascinated the world of the specialists and has 

excited the public opinion, offering hopes 

regarding the evolution of mankind in the 

close future. Gradually, the very essence of 

the notion was perverted through different 

concepts like: ―durable growth,‖ ―durable 

usage,‖ ―durable consumption,‖ ―durable 

partnership,‖ or trough illicit ecological 

practices. 

Environmentally responsible citizens accept 

responsibility for what happens in their 

community – not only environmentally but 

also politically, and socioeconomically. Thus, 

a primary educational mission should be to 

teach citizens to be able to influence public 

decisions where environmental issues are very 

important. 

 

2. WHAT IS A SUSTAINABLE 

UNIVERSITY? 
 

Promoting sustainability in higher education 

depends largely on the active engagement of 

those responsible of various disciplines with 

promoting attention on environmental issues 

and sustainability as central objectives of 

practices and as a main mission in their areas 

of activity[3]. 

A sustainable university has been defined as a 

higher educational institution that addresses, 

involves and promotes, on a regional or a 

global level, the minimisation of negative 

environmental, economic, societal, and health 

effects generated in the use of their resources 

in order to fulfil its functions of teaching, 

research, outreach and partnership, and 

stewardship in ways to help society make the 

transition to sustainable lifestyles [4]. 

The Talloires Declaration signed in France in 

1990 was the first official statement made by 

university administrators of a commitment to 

environmental sustainability in higher 

education. It is a ten-point action plan for 
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incorporating sustainability and 

environmental literacy in teaching, research 

operations and outreach at colleges and 

universities. It stated, ―Universities educate 

most of the people who develop and manage 

society‘s institutions. For this reason, 

universities bear profound responsibilities to 

increase the awareness, knowledge, 

technologies, and tools to create an 

environmentally sustainable future―[5]. 

Values and ethics become a central part of 

teaching in all the disciplines and not as a 

special isolated course or module in 

programs. To become responsible citizens, 

university students must learn that people are 

an integral part of the biosphere, responding 

to changes. For example, those, who use lead-

free gasoline are more knowledgeable about 

issues, express a greater concern, are more 

likely to feel that their personal action could 

make a difference, and feel a greater sense of 

personal responsibility than those who do not 

use lead-free gasoline [6]. 

 

3. LEGAL ASPECTS OF 

SUSTAINABILITY IN ROMANIAN 

HIGHER EDUCATION 
 

In February 2011 the Education Act no. 1 / 

2011 was adopted through government 

accountability and then promulgated by the 

President of Romania. In Article 2 it is 

specified that the task assumed by the law is 

"training, through education, the mental 

infrastructure of the Romanian society, 

according with the new requirements, derived 

from Romania's status of European Union 

member state and from functioning in the 

context of globalization, and sustainable 

generation of a highly competitive national 

human resources able to function effectively 

in today's society and future‖ (Education Act, 

2011). 

To encourage sustainable development in 

higher education, the Ministry of Education, 

Youth and Sports (MECI) announces that 

"research grants will be allocated primarily to 

those areas to ensure sustainable and 

competitive development of society and 

within the domain, priority will be given to 

those better placed in the hierarchy of their 

quality programs, the number of grants 

allocated to a program of studies varying 

depending on the position in the hierarchy of 

the program" (Education Act, 2011). 

These are the only references to sustainable 

development of the new national education 

law. The law was strongly contested by the 

National Alliance of Student Organizations in 

Romania (ANOSR), teachers and former 

officials of the MECI. It was stated, inter alia, 

that the education law, promulgated by the 

president himself, violates the National 

Education Pact signed by the leaders of 

political parties in Romania and the president. 

This pact established eight objectives, which 

were the benchmark for developing the 

strategy "Education and Research for the 

Knowledge Society". 

The objectives of the National Education Pact 

(2008) are: 

 Modernizing the system and 

education institutions in 2008-2013, so 

that the Romanian schools to be 

competitive at European and global levels. 

 Ensuring in the period 2008-2013, 

from the annual budget allocation, a 

minimum of 6% of GDP for education 

and at least 1% for research. 

  Making early education a 

public good, making a 10-year 

compulsory school education and 

ensuring unhindered access to free 

education until high school graduation. 

  Comprehensive 

Decentralization - financial, human 

resources and curriculum - curriculum 

adaptation to personal development needs 

and to the labour market requirements. 

  Adoption of the principle 

"funding follows the student" in higher 

education, and the principle of "multi-

annual funding on cycles and study 

programs and projects" in higher 

education. 

  Adoption of a charter of 

rights and freedoms in education, ensuring 

access to quality education. 
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  Defining priority areas of 

education, to overcome the gap that 

separates dramatically the rural and urban 

areas or different social groups of citizens 

in Romania 

  Lifelong learning will 

become the basis of the educational 

system in Romania and will be expanded 

by 2013 to include at least 12% of the 

workforce of the country. 

One critical component in analyzing the 

opportunities and challenges of higher 

education as agent of change for sustainability 

is the identification of region-specific 

sustainability problems, which includes the 

status and rate of change of socio-economic, 

technical, and environmental conditions of the 

region. 

Also embedded in the social conditions of a 

specific region or place are cultural attitudes 

and opinions associated with sustainability 

challenges, and also cultural attitudes and 

opinions associated with higher education. 

Cultural interpretations of sustainability need 

to be recognized [7], particularly given that 

divisions exist within the education and 

science community on what ―education for 

sustainability‖ actually entails [8], [9]. 

 

4. THE FINANCING STRUCTURE 

AND INDEPENDENCE OF 

HIGHER EDUCATION 

 

A university‘s potential to promote 

sustainability is directly impacted by the 

financing manner of the higher education 

system [1]. An increased demand for higher 

education concomitant with a decreased 

capacity for public money to finance higher 

education and a growing pressure for 

universities to find private financing from 

external sources are among global trends in 

financing higher education [10]. Student 

enrolment has increased in the past years, 

exceeding the government‘s capacities of 

offering enough possibilities to those who 

require them [11]. 

A general trend towards more market-based 

funding mechanisms to support universities 

can also be observed all over the world [1]. 

Given the situation presented above, new 

private actors started to appear in the higher 

education sector, thus challenging the 

common notion that higher education is solely 

in the responsibility of governments [12]. 

Even if the amounts of funds given to higher 

education have increased steadily over the 

past few decades, there is a disturbing 

inequality in the distribution of these money. 

The increase of private funds allocated to 

higher education implies one risk that many 

seem to neglect: higher education institutions 

might start to obey mostly private interests, 

given that they become more reliant on these 

funds. This could, in some circumstances, 

decrease the capacity for higher education to 

engage independently on important social 

issues like sustainability, especially in 

countries where the capacity for and 

engagement in quality research is limited [1].  

However, there are also positive sides of 

private financing of universities that aim to 

become sustainable, as there are opportunities 

for larger funds coming from the industry, 

businesses, and international cooperation that 

could allow for the expansion beyond the 

conventional roles of higher education [13].  

 

5. INSTITUTIONAL 

ORGANIZATION 
 

In order to effectively assess the opportunities 

and challenges that the universities face when 

they aim to act as change agents towards a 

more sustainable society, the current structure 

and organization of higher education should 

be evaluated in different contexts [14]. Due to 

the fact that universities are very conventional 

and resistant to change, the approach that 

aims to change the expectations and mindset 

of students or faculty members is a big 

challenge, as well as altering institutional 

priorities and institutional norms, as far as 

societal engagement is concerned [3]. 

Another critical structural challenge is the 

way in which most institutions of higher 

education are divided into traditional 

disciplines. Disciplines and departments are 
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often-times fiefdoms with specific internal 

cultures that prevent or deter 

interdisciplinarity and limit engagement 

outside the conventional academic circle.  

Another major challenge for higher education 

as a change agent is the methodology of 

faculty promotion [1]. In many higher 

education systems the current faculty 

promotion system fosters and rewards a 

narrow disciplinary focus and incentivizes the 

dissemination of research results primarily 

through publication in academic journals.  

 

6. CONCLUSIONS 
 

Despite these challenges, there are 

opportunities and positive emerging trends in 

university structuring and organization. In 

recent years, several universities have re-

structured their entire institutional design to 

incorporate an enhanced social engagement 

towards a sustainable transition. One 

important example of this is the Arizona State 

University (ASU), USA, where a new school, 

the ASU School of Sustainability, was 

established in 2007 ―to bring together 

multiple disciplines, decision-makers and 

community leaders to create and share 

knowledge, train a new generation of scholars 

and practitioners, and develop practical 

solutions to sustainability problems, 

especially in the way that these affect the 

urban environment.‖ [1] 
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ABSTRACT: In this paper we present the motor saw main defects and the remedial measures. In the proposed case 

study we use a quality management instrument – the tree diagram. We propose as main objective ―The motor saw 

functioning possible defects remedial‖. We underline the relationship among the proposed main objective and the 

actions for its achievement.  
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1. Introduction 
 The correct default analysis is a very 

important stage in the piece or product 

remedial process. It is necessary to have a 

clear vision, particularly to establish the 

default cause, even if sometimes it may be 

masked by other defects. An examination of 

all the defects occurred on an exchange part 

may lead to the correct identification of all the 

causes as well as of the actions having to be 

undertaken to eliminate the causes generating 

the defects. The quality management offers 

more classical and modern instruments to 

facilitate the finding of a solution insuring the 

quality improvement process. 

 In many practical situations the data in 

a digital form are rarer and then the quality 

problems cannot be solved analytically. So 

undigital methods are used (the 7 new quality 

management instruments), case in which we 

identify: the problem, the causes determining 

an unqaulity problem, the solutions for 

solving the analyzed problem, etc. The 

undigital data may be transformed into 

various types of graphics offering the 

possibility of a comparative analysis, the 

underlining of a tendency or the establishment 

of the relationships among various elements 

of the studied problem. In this paper we 

present a modern quality management 

method, called the tree diagram, applied for 

the motor saw defects. The advantage of 

using the tree diagram is that it offers the 

possibility to examine logically and 

chronologically the objectives and the actions 

solving an unquality problem. 

 The specialty literature contains many 

papers having as study object the tree 

diagram. Al-Bashir Adnan in [1] presents a 

study concerning the tree diagram application 

and other 4 management instruments to 

improve university quality. Also the papers 

[4, 5] present unquality problems and case 

studies concerning the quality management 

instrument application to assess and improve 

the automotive quality improvement. Like for 

the case of all the machines and equipment, 

the good motor saw functioning and the 

accident risk reduction suppose a series of 

technical measures. The motor saws have to 

work in efficiency conditions, which 

determines the correct and on-time solution 

being able to occur in service. Aspects related 

to the defects being able to occur in the motor 

saw functioning are given in [6, 7, 8, 9, 10]. 

In this paper we present the main motor saw 

defects and the remedial measures and so we 

dress up a quality management instrument – 

the tree diagram. 

 

2. Possible motor saw defaults and 

actions being able to reduce or 

eliminate defects 
  

 In the proposed case study the main 

objective is to remediate the motor saw 

functioning defects. We establish the specific 

objectives and we identify the corresponding 

actions. The method presented in this paper 

underlines the relationship among the 
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followed objectives and the actions proposed 

to achieve the objectives.  

 The tree diagram determined will offer 

an image of the solutions of the problem 

being able to occur during the motor saw 

functioning. In this case the tree diagram is a 

functional analysis answering to the question 

How? is actioned to remediate the possible 

defects occurred in the motor saw 

functioning. The problem aspects are detailed 

generally and particularly, starting from an 

established general objective and develops 

then the specific objectives (or the primary 

measures) and the secondary measures. 

To draw the tree diagram we use the specific 

methodology given in the papers [2, 3]. So in 

this paper we propose the following stages: 

1. Establish the general objective, 

2. Establish the specific objectives to create a 

level I branch, 

3. Establish the secondary measures to 

achieve the proposed objectives, create a level 

II branch, 

4. Establish the higher measures (if 

necessary), 

5. Check the relationship among the proposed 

objectives and the measures, 

6. Draw the tree diagram. 

 We propose as general objective: The 

possible motor saw functioning defects 

remedial. We know in the industrial practice 

that during the motor saw functioning a series 

of defects may occur.  In the literature there 

are several papers regarding this topic: 

Possible motor saw defects. Based on the 

data which is presented in the materials [6, 7, 

8, 9, 10]  we identified 5 main potential defect 

categories on the fuel alimentation system, on 

the chain and on the chain movement system, 

on the chain lubrication system and on the 

launching device. 

 Taking into account the causes 

determining motor saw defects, we propose 

the formation of the tree diagram level I with 

five specific objectives: 

1. Remediate engine unit defects, 

2. Remediate fuel alimentation system 

defects, 

3. Remediate chain and chain movement 

system defects, 

4. Remediate chain lubrication system 

defects, 

5. Remediate launching device defects. 

By means of potential remedial actions 

corresponding to each objective,  is establish 

the tree diagram level II. The measures are 

distributed over the objectives, so: 

 For objective 1 

- Replace the sealing rings, 

- Replace or seal the pipe, 

- Replace the gasket, 

- Replace the casing, 

- Replace the segments, 

- Clean the exhaust muffler, 

- Clean all the cooling air admission ways. 

 For objective 2 

- Clean or replace the admission pin, 

- Clean the fuel tank, 

- Clean the fuel sorb and cells, 

- Insure the easy lever functioning, 

- Adjust the idle speed adjustment screw, 

- Reposition the admission adjustment lever, 

- Replace the diaphragm gasket, 

- Clean the jig holes and channels, 

- Clean or replace the air filter, 

- Clean the tank airing system, 

- Replace the fuel pipe, 

- Replace the pump diaphragm, 

- Replace the gasoline filter. 

 

 For objective 3 

- Adjust the idle speed adjustment screw, 

- Replace the pin(s) if broken edges, 

- Replace all coupling spring  

- Replace the centrifugal weight support  

- Replace the coupling  

- Restrain correctly the chain, 

- Replace the chain sprocket  

- Replace the brake spring  

- Replace the brake band  

- Check the chain lubrication system.  
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Figure 1. The tree diagram 
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 For objective 4 

- Fill the oil tank  

- Replace the engine carter crankcase, 

- Clean the sucking hose and the sorb, 

- Renew the piston or the spiral, 

- Clean or replace the oil tank valve, 

- Reposition or replace the pressure hose, 

- Replace the pump carter, 

- Replace the adjustment screw. 

 For objective 5 

- Replace the launching cable  

- Replace the return spring, 

- Replace the used pawls, 

- Replace the spring clip, 

- Replace the launching system.. 
 In figure 1 is given the tree diagram 

realized based on the presented objectives and 

potential actions.  
 
3. Conclusions 
 The tree diagram presented in the 

paper allows to systematize the main actions 

determining ―Possible motor saw functioning 

defect remedial‖. The analysis carried out 

allows to identify the defects occurred in the 

motor saw functioning and then the specific 

objective establishment concerning the defect 

remedial and the practical measure (action) 

establishment having to be applied. 

 The tree diagram helps managers to 

improve the product and service quality 

offered to customers. 

 

References 

[1] Al-Bashir A., Applying Total Quality  

Management Tools Using QFD at Higher 

Education Institutions in Gulf Area (Case 

Study: ALHOSN University). 

INTERNATIONAL JOURNAL OF 

PRODUCTION MANAGEMENT AND 

ENGINEERING, Volume: 4 Issue: 2, 2016  

pp: 87-98 

[2] Ionită. I., Managementul calității și 

ingineria valorii. Editura  ASE, Bucuresti, 

2008. 

[3] Kifor, C.V., Oprean , C., Ingineria 

calității. Editura Universitatii Lucian Blaga 

Sibiu, Sibiu, 2002. 

[4] Luca L., ,Stancioiu A., The study applying 

a quality management tool to identify the 

causes of a defect in an automotive. 

Proocedings of the 3-rd International 

Conference on Automotive and 

Transportation Systems. Montreux, Elvetia, 

2012 

[5] Luca L., The Study of Applying a Quality 

Management Tool for Solving Non-

conformities in a Automotive.    Applied 

Mechanics and Materials, Vols. 809-810, 

ISSN: 1662-7482, 2015,  pp: 1257-1262. 

Surse internet 

[6] Instructiuni de utilizare Partner 351. 

https://i.dedeman.ro/media/file/file//m/a/manu

alul_utilizatorului_motoferastrau_partner_351

_xt_351xt_4-18xt_4-

20xt_7029624_1013195.pdf 

[7] Instructiuni de functionare. Ferastrau 

mecanic MAKITA. 

http://www.utilajetm.ro/_files/products/files/d

cs4610.pdf 

[8] Manual de utilizare motoferastrau CS 

2200.  http://www.utilul.ro/cs-docs/15899-

1422887920.pdf 

[9] Manual de utilizare STIHL MS 171, 181, 

211. https://victad.md/wp-

content/uploads/2017/05/MS-181-211-1.pdf-

1.pdf 

[10] www.covera.ro/cum-se-face/utilaje-

unelte/motofierastraie-drujbe/totul-despre-

motofierastraie/ 

http://www.scientific.net/Participant/PaperEdit/3839?PaperId=475925
http://www.scientific.net/Participant/PaperEdit/3839?PaperId=475925
http://www.scientific.net/Participant/PaperEdit/3839?PaperId=475925
https://i.dedeman.ro/media/file/file/m/a/manualul_utilizatorului_motoferastrau_partner_351_xt_351xt_4-18xt_4-20xt_7029624_1013195.pdf
https://i.dedeman.ro/media/file/file/m/a/manualul_utilizatorului_motoferastrau_partner_351_xt_351xt_4-18xt_4-20xt_7029624_1013195.pdf
https://i.dedeman.ro/media/file/file/m/a/manualul_utilizatorului_motoferastrau_partner_351_xt_351xt_4-18xt_4-20xt_7029624_1013195.pdf
https://i.dedeman.ro/media/file/file/m/a/manualul_utilizatorului_motoferastrau_partner_351_xt_351xt_4-18xt_4-20xt_7029624_1013195.pdf
http://www.utilul.ro/cs-docs/15899-1422887920.pdf
http://www.utilul.ro/cs-docs/15899-1422887920.pdf
https://victad.md/wp-content/uploads/2017/05/MS-181-211-1.pdf-1.pdf
https://victad.md/wp-content/uploads/2017/05/MS-181-211-1.pdf-1.pdf
https://victad.md/wp-content/uploads/2017/05/MS-181-211-1.pdf-1.pdf
http://www.covera.ro/cum-se-face/utilaje-unelte/motofierastraie-drujbe/totul-despre-motofierastraie/
http://www.covera.ro/cum-se-face/utilaje-unelte/motofierastraie-drujbe/totul-despre-motofierastraie/
http://www.covera.ro/cum-se-face/utilaje-unelte/motofierastraie-drujbe/totul-despre-motofierastraie/


  
Annals of the „Constantin Brancusi‖ University of Targu Jiu, Engineering Series , No. 3/2017 

 

 

175 

 

THE MOBILITY – A TREND IN MULTINATIONAL COMPANIES 

 

 
PhD, Stefan IOVAN 

1, 2
, PhD, Cristian IVANUS 

3 

1) West University, Computer Science Department, Timisoara, ROMANIA 
2) Railway Informatics SA, Strategy Department, Bucharest, ROMANIA 

3) CapGemini Software&Services SRL, Bucharest, ROMANIA 

 
ABSTRACT: With markets globalization, there is a continuous need to have talents that must understand, adapt and 

compete in these diverse markets. Mobility professionals can play a strategic role in defining business plans instead of 

focusing on immediate needs, which could generate a competitive edge for their organization. Staff mobility should be 

seen as a tool that encourages talent development, not as an easy way to take up a job without a strategic perspective. 

The function must be connected and integrated with the talent management department and in combination with their 

specialist skills set, to improve the retention and development of the top talents and the future potential leaders [1]. 

Most of the mobility professionals are either uninvolved, trying to understand their future role, or are too busy with 

everyday business tasks to be able to actively develop this role. The paper aims to bring to the forefront and to address 

this issue - the mobility of staff - in the national and international context. 

 

KEY WORDS: staff mobility, mobile challenges, talent management, research and development. 

 

 

 

1. INTRODUCTION 

 

Mobility programs are not implemented 

efficiently in multinational companies. The 

study [2] published in 2014, show that more 

than a half (56%) from the responsible 

executives with the mobility programs inside 

multinational companies stated that the teams 

they lead are involved only in implementation 

of the mobility services and do not play any 

role in talent management or in defining 

general business objectives. 

However, a large majority (83%) from the 

respondents considers that the mobility has a 

positive impact on career evolution, 

contributing to the creation of future leaders 

and generating competitive advantage for 

their organizations. Near half (42%) of 

respondents said that they did not defined a 

global talent management program. Half of 

respondents said that their mobility team has 

insufficient staff. 

This operational burden is illustrated by the 

fact that 7 out of 10 (68%) are busy with 

internal documents and contracting 

preparation, while 69% say they are not 

involved in the selection process of the 

eligible for appointments candidates. 

78% of the 264 senior mobility executives 

interviewed in the study [2] stated that their 

mobility function does not involve measuring 

return on investment through Return of 

Investments (ROI). 

Most of the organizations do not follow what 

happens after the closing of their employees' 

mobility contracts - such as retention rate, 

performance appraisal and career 

advancement. 16% of employees leave the 

company in the first two years of repatriation, 

while 41% return to the occupied position 

before the mobility. 

Organizations have not yet implemented 

adequate fiscal, wage and immigration 

procedures, despite their growing presence in 

the emerging markets. The results of the study 

show that many organizations have not yet 

put in place adequate procedures for 

managing salary, tax or immigration issues 

for their formal or informal staff missions. 

Although almost half (49%) of the 

respondents stated that they have more and 

more employees in the emerging markets, 

where they have higher growth rates and 

where the legislation is in continuous change, 

the study shows that: 
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 40% of organizations did not implement a 

formal risk control framework to monitor 

wage tax and social contributions. 

 31% of organizations have had to hire 

external consultants or specialized service 

firms to deal with deviations. 

 There are very few mobility teams 

dedicated to monitoring "business trips" or 

of those who are not on official missions, 

with 73% of respondents saying that these 

concerns are not part of the global mobility 

team's responsibilities. 

 73% do not use technology to follow the 

activities of their employees. 

 Only 30% have developed a tracking 

system for the staff in „business trip‖. 

A lack of tax and immigration procedures can 

be generally observed in the local market, 

apart from multinational companies, for 

which such policies are usually prepared by 

the parent company and subsequently 

implemented at subsidiaries in the various 

countries it activates. 

This lack could be justified, first, by the fact 

that the number of Romanians posted abroad - 

even within the parent company - has been 

extremely low until recently. In addition, in 

recent years, the trend has been to send 

employees to work abroad for short periods of 

time (even a few days), with fiscal and 

immigration implications neglected in such 

cases or often considered as nonexistent. 

Recently intensified Romanian authorities' 

controls, close monitoring of these employee 

displacements by similar authorities in the 

host countries, as well as the potential 

negative consequences associated (for 

example, sanctions), should cause Romanian 

companies to prepare in the next period of 

internal policies appropriate to staff 

movements, both within the country and 

abroad. 

 
1.1. Large companies have strong mobile 

strategy 

 

On more than ten years after the first iPhone 

was launched and more than seven years after 

the iPad appearance, less than half of IT 

(Information Technology) operations are 

implementing comprehensive mobile 

strategies. 

According to a study [3] of 600 companies in 

29 countries, and according to the interviews 

with 30 mobile leaders, it was found that only 

a few companies are implementing strategies 

that take full advantage of mobile commerce 

and workers' efficiency. All surveyed 

companies have annual revenues of over $ 

500 million, one-third of which have sales of 

over $ 5 billion annually. 

The mobile challenges faced by organizations 

are a lot alike those that arose 20 years ago 

with the development of the Internet. Only 

50% of the surveyed organizations have 

recognized that their mobile strategies are in 

line with global business strategies. Even 

fewer have said they have created a clear 

funding mechanism for the mobile domain or 

have established management structures for 

mobile initiatives. 

The study clearly shows that an effective 

mobile strategy can offer "huge 

opportunities" both inside and outside the 

organization. Of the mobile strategy leaders 

(approximately 14% of the total participants), 

73% reported significant gains from mobile 

investment. 

Some of these have said that a key benefit of 

using mobile technology to improve 

employee productivity is the short response 

time for the customer - the response to 

complaints and requests or the execution of 

orders. 

Of the industry leaders, 51% of banks 

reported significant profits from mobile 

investment, compared with 34% among other 

organizations. The survey covered a wide 

range of topics including mobile security, 

device integration with existing technology, 

and the challenges of Bring-Your-Own-

Device (BYOD) initiatives implementation. 

A recent trend is the incorporation of social 

networks into mobile technology, which gives 

companies the opportunity for their 

employees to get almost instant feedback 

from colleagues about the issues they are 

facing. Not only the feedback is faster, but it 

can come from company specialists from 

other parts of the globe. 
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2. MIXED TEAMS GET BETTER 

PERFORMANCES 

 

According to the study [4], an overwhelming 

majority (84%) of executives believe that 

their organization's ability to develop and 

manage teams is crucial to increasing 

competitiveness in the coming period. 

Those who evaluate companies as "excellent" 

in building diverse teams (with members from 

different environments and who have 

experienced different work experiences) are 

also those who have achieved more than 10% 

EBITDA (earnings before interest, taxes, 

depreciation and amortization) compared to 

last year. The same correlation with EBITDA 

growth is also true for companies that have 

dispersed their teams geographically over the 

past three years. 

However, half of the 821 survey respondents 

[4] say that there are no leaders in their 

companies who have the ability to manage 

and motivate these teams. This is in 

contradiction with the 85% who appreciate 

the concept of "inclusive leadership" - or the 

ability to encourage teams to express their 

views and objections as an effective way to 

improve the performance of the company. 

Many companies are also confronted with the 

dilemma generated by the need for cross-

border, multi-functional teams, as well as the 

employees' preference to participate in face-

to-face meetings as the main form of 

communication. 65% of respondents say that 

the relationship with technology facilitated 

team rather than face-to-face meetings has 

increased over the past three years, but face-

to-face communication is clearly the most 

appreciated form of communication. 

A company's ability to form, manage and 

encourage high-performance teams is 

increasingly becoming a critical factor in its 

long-term success [5]. To achieve superior 

performances, it is essential for the company 

to be able to access its full range of skills and 

expertise. 

High-performance teams have shared 

commitment to quality and results. They are 

focused on meeting the highest standards and 

achieving the best results along with 

alignment to achieve this goal. 

The results of the study [4] show that 

effective leaders adopt the following 

directions in their actions: 

 Define a clear direction and ensure 

leadership. 

 Create an open and inclusive team culture. 

 Empower decision-making to the team 

members. 

 Develops the team and ensure coaching. 

The study [4] has also identified two high 

performance features of the teams: 

 A team shared vision. 

 Committeemen related to the quality and 

results. 

This study was conducted in 2013 and is 

based on a survey of 821 business executives. 

Respondents came from 14 countries around 

the world, Asia-Pacific, Europe and North 

and South America. Approximately 50% of 

respondents occupy top management 

positions and less than 50% of them represent 

the human resources function. 

The companies included in the study are 

varied in size, 30% of which have annual 

revenues of more than 5 billion USD, and the 

remaining 70% have annual revenues ranging 

from 250 million USD to 5 billion USD. 

 

3. BUSINESS CRITICAL ELEMENTS 
 

The experience of recent years has shown that 

a company's performance can be improved 

not only by increasing sales but also by 

coordinating and controlling operational costs 

and cash flow in real time. Managers 

performing performance are mindful on the 

five basic elements of the companies they are 

running [6]. 

The most important element, in the current 

economic context, is the cash flow, which, if 

registers a 10% deviation from the forecasting 

level in a month, when the activity remains 

constant, must be an alarm signal. ERP 

solutions (Enterprise Resource Planning) 

allow for daily cash flow forecasting, which 

helps managers take preventive decisions in 

time. 
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Periodic and predictable fluctuations of cash 

flow may occur, depending on business 

timeliness and many other factors, but any 

significant deviation must be resolved 

immediately. 

The second important element is the revenue 

from the sale of products/services, which can 

be coordinated and controlled with software 

tools such as CRM (Customer Relationship 

Management) and SFA (Sales Force 

Automation) [6]. 

The correlation between inventory with sales 

is the third element that can be tracked in real 

time to prevent either the purchase of 

unprofitable stocks or the non-ordering of 

orders due to lack of products. Real-time 

planning can be accomplished using a 

Demand Planning solution that reduces 

logistics costs, increases the accuracy of 

management, and maximizes space utilization 

and a better coverage of the orders. 

Delivery costs need also to be kept under 

control, since the intelligent management of 

this activity can lead to lower operating costs. 

An efficient tool for this purpose is a 

"transport management solution" that 

manages to reduce the number of miles by 

optimizing routes, lowering delivery costs and 

waiting times, increasing fleet usage, 

improving quality delivery services, 

respectively the reduction of CO2 emissions. 

Based on these elements, an executive 

manager must be able to make projections of 

future revenue and costs to know where to 

target the organization and what to report to 

shareholders. Budgeting, based on multiple 

criteria scenarios, can be very effective with 

the help of special software tools created for 

this purpose. 

The general context requires faster and faster 

response times, requiring managers to 

constantly adjust their actions to achieve 

goals. Managers using the right software tools 

can always be one step ahead [6, 8]. 

 

4. FISCAL FACILITIES FOR 

RESEARCH AND DEVELOPMENT 
 

The economic crisis and its effects cease to be 

a hot topic in Romania. Economists are more 

optimistic about economic growth in the Euro 

zone. The incentives taken into account to 

boost the growth of national economies are 

increasing exports and investment. Equally, 

raising taxes by introducing new additional 

administrative charges and procedures can 

slow down the economic growth [7]. 

In the current economic context, it is 

generally difficult for the government to find 

resources for supporting the competitiveness 

of the private sector. Innovation, which 

encourages competitiveness and productivity 

and generates new jobs, can help but budgets 

are already at the limit, and identifying 

resources to support innovation proves to be 

difficult if not nearly impossible. 

Thus, looking for resources that are not 

subject to restrictions on "state aid" imposed 

by the EU and which are not recorded in the 

budget expenditures chapter (declared as 

carefully monitored), incentives for 

innovative companies have been identified as 

deductions and credits tax. More and more, 

countries seeking strategic investment are 

willing to use such tools to boost economic 

development. 

A coherent fiscal policy can generate 

sustainable economic growth if it is focused 

on research and innovation. However, 

companies need to know and access these 

incentives on advantageous terms. The way 

governments develop tax incentive programs 

and companies get access to them depends not 

only on company consolidation but also on 

the growth of the national economy. 

R & D tax incentives can be an effective tool 

to support private sector research. Studies 

show that, depending on how fiscal facilities 

are designed, they can increase the amount 

allocated to research by an amount equal to 

the average of the income taxes levied by the 

state. Countries can learn from others that 

work best to achieve their goals (common or 

specific). 

The study [7] is a support for those who want 

to find relatively easy a description of the tax 

incentives implemented by a number of 

countries in terms of R & D spending, as well 

as the implementation process and the 

eligibility criteria for these facilities. Thus, 
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companies can plan in advance how they 

structure their activity - for companies with 

international exposure - or know the potential 

benefits of their business - for entrepreneurs. 

 

5. CONCLUSIONS 

 

A number of people specialized in IT 

technologies, representatives and executives 

of several well known companies have made 

a report presenting the most innovative ideas 

for agile, flexible and profitable digital 

transformation. 

A first mention relates to customer demand, 

which, like technical development, is steadily 

increasing, intelligent companies learning 

constantly how to satisfy their customers, 

developing the digital technologies they 

operate [9]. 

The most common way of evolution in digital 

technology and decision-making is data 

analysis, which can help diversify ideas and 

people into IT departments. Using tools such 

as Visier, PeopleFluent, and Workday, 

companies can compare internal statistics 

with official statistics, identify gaps, and 

measure how their recruitment and 

development strategies impact departments 

and IT people. 

Upgrading e-mail systems is another point 

that makes digitization more efficient, using 

sophisticated computing models to map the 

most effective routes for delivering messages. 

Lasting autonomy, IT and operations need to 

work together, stimulated by the growth of 

digital devices that present cyber threats [10]. 

Thus, executives are increasingly aware of 

cyber-dangers, building a collaboration 

between IT staff who know how to provide 

systems and engineers with little knowledge 

to prevent these incidents and security 

breaches. 

Using mobile applications that deliver ROI 

helps to real-world mobile applications testing 

with low costs and extra revenue. These 

businesses use applications to attract and 

retain customers, create a powerful marketing 

channel, and provide employees and partners 

with tools for productivity and efficiency 

[10]. 

If introduced successfully the implementation 

of DevOps brings companies a number of 

improvements. An insurance company 

implemented DevOps in 2009, since then, it 

has increased software quality by 50% and 

reduced dead times by 70%. At present, 100 

teams with a 35% growth rate per year 

account for 60% of their development work 

and new projects within the company. 
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ABSTRACT: Due to the great extent it has taken cybercrime has long entered in the public attention, especially in 

highly developed countries where computer has penetrated almost all areas of activity. Thus, since 1989 The Council of 

Europe adopted the Number 9 Resolution in which they mentioned the main behaviors that represent new types of 

offenses generated by the specifics of computer activity, and which should be the object of some distinct incriminations 

in national moral laws. Their minimum list includes facts such as: computer fraud, fake in computer science, software, 

computer sabotage, unauthorized access, unauthorized interception, unauthorized reproduction of protected software, 

unauthorized reproduction of integrated circuit topographies, data or software corruption, computer spying, 

unauthorized use of a computer, unauthorized use of a protected software. This work aims to bring it to the forefront 

and to address the subject, legal aspects of cybercrime in Romania and European Union (UE). 

 

KEY WORDS: staff cybercrime, computer spying, computer sabotage, legal framework, online criminals. 

 

 
1. INTRODUCTION 

 

There are many offenses, considered to have 

no correspondent in our legislation which can 

be offended through computer. But a 

multitude of "classic" crimes, such as those 

against state security (example: betrayal by 

secrecy, and the disclosure of state secrets, 

negligence in keeping the state secret) against 

the person (threats, blackmail, invasion of the 

secret of correspondence, disclosure of 

professional secrecy, insult, slander) against 

property (theft breach of trust, fraudulent 

management, fraud, malversation, 

destruction) against authorities (outrage, 

offense brought to the authority, offending 

against insignia), against justice (allegations, 

favoring the offender, failure to comply with 

judgments) fake offenses (mispresentation, 

forged documents under private signature) 

offenses to the regime established for certain 

economic activities (disclosure of economic 

secrecy, unfair competition, regarding the 

goods‘ qualities) have correspondence and 

cybercrime [1]. 

In this paper, we will stop at the offenses 

from the first group and try to analyze to what 

extent they might be framed with the crimes 

currently existing in our legislation, or we 

would need further criminalization. 

We consider that the approach is not without 

purpose, relying on one of the conclusions, 

the debates that took place at the 15
th

 

Congress of the International Association of 

Penal Law (Rio de Janeiro, 1994), where the 

topic was discussed ―Computer committed 

offense‖, concluding that only to the extent 

that the traditional law is insufficient, it 

becomes necessary to amend existing laws or 

to create new categories of offenses if other 

measures prove to be ineffective (principle of 

subsidiary in criminal repression). 

 

2. GENERAL CONSIDERATIONS 

 

It is worth mentioning that, from this minimal 

list of facts that may constitute crimes, the 

Romanian legislator initially criticized, in the 

years 1995 - 1996, the unauthorized 

reproduction of protected software (through 

the Law on Copyright and Related Rights No 

8/1996) and unauthorized reproduction of 

topographies of integrated circuits (through 
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Law No. 16/1995 on the protection of 

integrated circuit topographies). 

By criminalizing the offense of counterfeiting 

provided and by Law No 8/1996 and Law No 

16/1995 only the reproduction, representation, 

execution or broadcasting of a computer 

program or topography and their formation or 

modification in order to derive certain 

derivatives without the consent of the author, 

is punishable, and not merely the 

unauthorized use of a protected software 

program, an act which is listed as an offense 

distinct [2, 3]. 

 

2.1. Offenses against inheritance 

 

Although several types of social relationships 

can be infringed by computer crime (such as 

competition or public trust in certain objects 

or freedom of the person) may be harmed by 

computer crime, are often crippled social 

relations regarding patrimony [3]. 

As we know, the category of crimes against 

patrimony has always been enriched, from 

antiquity to the present, with new offenses, as 

society has developed and new ways have 

emerged to harm a person's patrimony. 
Offenses against patrimony have been classified, 

taking into account the specific nature of the 

material activity, in three categories: 
A. Offenses based on stealing (theft, 

embezzlement, misappropriation, etc.); 

B. Fraud-based offenses (deception, abuse of 

trust); 

C. Crimes against property based on acts of 

self-immolation (destruction, possession 

disorder). 

This classification is also valid if the touch of 

a person's patrimony is achieved with the help 

of the computer. Thus, in the category of 

offenses against property based on eviction 

can be included facts such as: 

a) unauthorized use of a computer belonging 

to another person for purposes other than 

those for which the person has been 

authorized (called time-computer theft); 

b) forgetting data, information from a 

computer's memory by someone who has 

access to that computer, or a person who 

has tamper with unauthorized information, 

either directly from the computer where 

the information is located or remotely, 

with the help of another computer, through 

the public telecommunication network; 

c) unauthorized copying of a protected 

program and its use only by the person 

who „has stolen it” (the "theft" of a 

program). If the program is reproduced, 

broadcast, etc., the offense of 

counterfeiting under the copyright law is 

committed. 

Computer-time theft is considered to be the 

most widespread computer crime. It consists 

of various forms of illicit use of the computer 

for some time (for example, a computer 

programmer uses his computer to test his own 

program, which he then uses for personal 

interest or the computer of a unit 

organizational is used by its employee for 

writing a text, for personal interest, etc.) [4]. 

Several points of view have been issued 

regarding the legal structure of this fact. In an 

opinion it was argued that the theft of 

computer time can be considered a fraudulent 

electricity evasion. It was replied that the 

offense contained not only this element and 

that, on the other hand, energy consumption 

may be insignificant in economic terms. 

In another theory, it is claimed that the deed 

falls under the fraudulent offense. It has been 

replied that most of the times the perpetrators 

are not managers. In another opinion, we find 

ourselves in the presence of a sui-generis 

offense. 

Undoubtedly, these facts are damaging the 

computer's owner to that unit, since, in 

addition to power consumption and computer 

wastage, excessive use of the computer may 

make it harder to run programs and may even 

cause it to be blocked. 

Also, perpetrators can earn significant sums 

of money from these practices. However, this 

is not enough to constitute a distinct offense 

of computer theft, if we take into account that 

most of this type of crime is committed by 

employees or by the people entitled to use the 

computer, the hypothesis in which the offense 

may be included in the service of abuse 

offense if the other conditions are met (as in 

the case of the use of a motor vehicle for 
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purposes other than those related to the 

service). 

As regards the "theft" of information or data 

on a computer, if it is committed by the 

person entrusted with it, or who has become 

aware of them by virtue of their profession or 

function, and if they subsequently disclose 

them, right, bringing prejudice to a person, we 

can say that the act falls under the offense of 

disclosing professional secrecy [4, 5]. 

However, if "theft" is committed by a person 

who does not have the right to get acquainted 

with that information or data, or even if the 

person who has access to that data or 

information does not disclose it, but "evades" 

use for personal purposes, we may be asking 

whether the legal provisions on offenses of 

theft or embezzlement are applicable. 

For that purpose, it is necessary to examine, 

on the one hand, whether that data or 

information is „goods‖ within the meaning of 

the articles governing the offenses in question 

and, secondly, whether the activity of 

―copying” and “stealing‖ of "taking" or 

"appropriating" the same articles. 

By "good", in civil law is meant a useful 

economic value for the satisfaction of a 

material or spiritual need of man and 

susceptible to appropriation in the form of 

patrimonial law. It is noted that the notions of 

"data" and "information" meet all these 

conditions, being "goods" in the sense of civil 

law. 

The criminal law only expressly states that in 

the case of the theft, it must be mobile goods, 

a condition which is also satisfied by the 

notions of "data" or "information". It remains 

to be seen whether, by the nature of the facts 

incriminated, the law still makes a derogation 

(apart from the fact that the property must be 

mobile) from the notion of "good" in civil 

law. 

As the text on the offense of theft has been 

interpreted in the doctrine, it appears also that 

it must be accomplished the condition that the 

good should be material. So, to be included in 

the notion of "good" in criminal law and 

"data" or "information", a special provision in 

criminal law is needed to assimilate 

"information" and "data" of movable goods. 

Having established this, it appears that this 

type of offense (skipping data or information 

from a computer) has no material object. 

However, if the information is stolen by 

taking or acquiring the material on which it is 

stored (for example, floppy disk, CD, stick 

memory) then the legal provisions on theft 

will be applicable. 

Secondly, it is to be noted that the "stealing" 

of data or information from a computer, 

copying or simply storing it can not be 

considered a "taking" or "acquiring" action 

within the meaning of the theft regulations or 

embezzlement, as such offenses result in the 

immediate removal of the property from the 

possession of the possessor or the holder and 

its impossibility to dispose or to use the good; 

"data" or "information" are "stolen" as a rule, 

without being taken out of possession of the 

possessor or keeper [5, 6]. 

The same comments that have been made 

regarding the "data" or "information" being 

stolen from a computer are also valid with 

regard to stealing a protected program (all 

from a computer) and unauthorized use. In 

addition, in this case, the protected program 

owner and then the owner of the protected 

program are first harmed. 

Therefore, it is necessary to distinguish 

separately the act of "evading" data, 

information, programs, etc. from a computer 

through unauthorized access, or even from an 

authorized person to have access to, but not 

hold them. 

Starting from the idea that access to this 

information itself leads to its possession, even 

without being "copied" on material support, 

French law is sanctioned "anyone who will 

access or will, in a fraudulent manner, 

automatic data processing system in whole or 

in part". 

Also, this regulation includes the computer 

spying, but it can not include the "evasion" of 

information, data, programs by authorized 

persons to have access to such an automatic 

data processing system (under conditions 

other than those from the offense of 

disclosing professional secrets) [6]. Among 

the offenses against property-based patrimony 

may be actions such as: 
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 modifying computer data that 

represents the amount of money on the 

account of the perpetrator in order to increase 

it, or transferring amounts from other 

accounts made directly from the keyboard or 

by introducing programs that automatically 

execute these operations (for example, 

modifying the interest calculation program, 

thereby "rounding down" the amounts due by 

the bank to the clients and transferring the 

sums thus obtained to the account of the 

perpetrator; or, in computerized inventory 

control systems, the modification of the code 

of goods or of the codes representing their 

destinations renders certain goods to acquire 

unknown destinations, where they then 

disappear. 

 fraudulent use of credit card numbers 

when buying goods through the Internet; 

either to clear old debits or to create new 

accounts; or the introduction of false data into 

an automated distributor, thereby obtaining 

illicit gains, etc. 

As noted, the first group included those 

offenses that directly alter the data that 

represents money or goods, meaning that by 

altering the figures, without the use of other 

fraudulent means, the perpetrator creates an 

unrealistic situation (at the level electronic 

data) on which he then obtains an injurious 

material benefit. 

The second group included those offenses 

whereby the perpetrator, fraudulently using 

other fraudulent (or electronic) data or means, 

indirectly modifies the data representing 

money or goods, creating a favorable situation 

(for example, using a fictitious invoice to 

create a fictitious credit or by using a credit 

card fraudulently gets money, etc.). 

In the first offense, the perpetrator basically 

"steals" money or other goods (but only 

electronically), it might be a question of 

including such crimes in the category of 

offenses based on stealing (foe example, theft, 

embezzlement) and not those based on fraud. 

The rationale behind the inclusion of these 

offenses among the latter was the following: 

by altering the figures of amounts of money 

or goods, the perpetrator, though "increased" 

these sums of money or "transferred" his 

goods to however, has not yet been in 

possession of these amounts of money or 

property, but it is also necessary for the 

banking institution or any other institution to 

effectively remit them, on the basis of 

unrealistic electronic data, the amounts of 

money or the assets in question. 

So, modifying these figures as amounts of 

money or goods is not the offense of stolen or 

misappropriated stolen money, but an attempt 

to commit a crime of deception (if the act is 

discovered before the actual money or goods 

are handed over). 

We believe that the solution is the same if, 

after the change, they have one or more 

electronic transfers of funds (without the 

amounts actually being remitted), in which 

case only the passive subject of the crime [5, 

6]. 

In connection with the automatic banknote 

distributor (or any automated device) it was 

said that the crime of deception can not be 

held because there is no misleading work on a 

person. It was replied that in this case the 

computer that was "cheated" is only an 

instrument used to the detriment of the owner 

or (or another person) and to bring him an 

injury. 

It can be noticed, therefore, that there is no 

difficulty in framing crimes against the 

patrimony committed by computer fraud, the 

crime of deception covering, in our opinion, 

all those crimes that involve the modification 

of data from a computer in order to obtain an 

unfair material benefit, thereby creating 

damage. In this regard, taking as a model the 

French Criminal Code, we consider that 

criminalization is not required as a distinct 

crime of computer fraud. 

Since the committing of these offenses 

implies a "falsification" of the data or the use 

of such "falsified" data, it is also necessary to 

analyze them from the point of view of legal 

classification. Although it is possible to 

commit the act of altering data from a 

computer and for other purposes than to 

obtain an unfair material benefit (e.g., 

modifying a student's grades). 

Since, as stated in the legal literature, "in the 

special group of falsehoods, the alteration of 
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truth is made over entities (things) to which 

the appropriation and therefore the function 

of serving as evidence of the truth which it 

expresses or attests to various social 

relationships" means that this is the chapter 

where the offense that penalizes the act of 

modifying data from a computer in order to 

produce legal consequences should be sought. 

The classical doctrine is expressed in the 

sense that the criminal law attributes to the 

term "inscribed" the meaning of "writing in 

written form". It is considered that "it is 

absolutely necessary for the document to be 

signed because a private act that is not 

signed, so uncertain as to the identity of the 

author and the conformity of the content or 

his will, has no probative power and can not 

produce legal consequences". 

Although it refers to documents under private 

signature, the claim is also valid for official 

documents. Also, since the signature in the 

sense of private documents (but also of 

official documents) "is only badly executed by 

the author of the document", it can not be 

considered that, in the case of electronic data, 

the signature would be represented by the 

personal identification code (PIN) in order to 

assimilate these records. 

Among these, there are essential differences 

(for example, documents are material, 

electronic data are intangible) and, as 

emphasized in literature, computer 

falsification can not be equivalent, with no 

explicit provision, to the falsification of a 

document. On the other hand, the broad 

interpretation of the criminal text on the 

writings would also be avoided. 

Therefore, an explicit criminalization of the 

act of modifying electronic data in order to 

produce a legal consequence is also necessary 

in this field, which could be solved either by a 

separate law or by extending the forgery into 

documents and data. 

In the category of crimes against property, 

based on acts of self-denial, can be included 

facts such as: 

 destruction or alteration of electronic 

data by deleting, modifying them, either 

directly from the keyboard (but without 

causing some legal consequences, because it 

would be included in the category of forgery) 

or by deliberately planting - a system of 

calculating "logical bombs" (programs that 

detonate at a specified time, destroying data, 

blocking the system, etc.) or "computer 

worms" (destructive programs that can 

"scramble" through computer networks to 

install on those computers) or "computer 

viruses" (destructive programs which, unlike 

computer worms, can not run independently, 

but are planted in a host program, and when it 

is activated, the virus enters in the computer's 

memory, then attaches copies to other 

programs); 

 Preventing or distorting the operation 

of a computing system deliberately by various 

methods (for example, causing material 

damage, interrupting the power supply to the 

system, etc.). 

In the first group there are facts that affect 

computer data or software, as distinct from 

the computer taken as a whole. The main 

issue related to this category of offense is 

whether electronic data or programs can 

constitute a material object of the crime of 

destruction. 

As we have seen, electronic data and 

programs are not included in the notion of 

"good mob" as a material object of the theft, 

since it only concerns material goods [7]. 

In fact, in the judicial practice it was 

considered that the destruction may have as 

its object material and a writ, although there is 

no special text, as in the case of theft, which 

assimilates the documents of movable goods. 

Even if it seems paradoxical that the crime of 

destruction does not have a material object, 

we believe that, in this way, data, information, 

programs are values that can not be destroyed 

without this being visible to the naked eye. 

For these reasons, although it does not 

preclude anything as a degradation or 

alteration of electronic data or programs from 

falling into the offense of destruction, we 

consider that there is a distinct incrimination 

of these facts, given their particular action (is 

not physical destruction) as well as the non-

material nature of data or programs. 

The second group includes the elements of 

preventing or distorting the functioning of a 
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computing system: unlike the above offenses, 

they mainly concern the data and programs 

contained in a computer, the computing 

system as a whole. 

Although the destruction of data, programs 

also results in a failure to use a computing 

system [6], this distinction is necessary 

because the destruction of a computer can 

impede the functioning of an institution, 

businesses, etc., can cause much damage 

higher than the value of the computer, which 

makes it necessary for a distinct incrimination 

of these facts. 

The distinction between the two categories 

can be made taking into account the intention 

of the perpetrator, the mode of action, etc. 

They also have different legal objects. These 

offenses can be committed not only 

intentionally but also by fault. 

Of course, the problems of cybercrime [7] are 

more numerous, such as those relating to the 

discovery of perpetrators and probation of 

facts, the mobility of computer data in 

international telecommunication systems, 

poor protection of information systems, the 

enforcement of criminal law in space the need 

to harmonize national laws, etc. 

All these are arguments in favor of the idea 

that computer crime should be properly 

regulated in our criminal law and criminal 

process. 

 

3. CONCLUSIONS 
 

Internet frauds and identity theft have become 

serious problems and often lead to real online 

data shocks because most people are not very 

good at computers and are afraid of losing 

money [8]. 

The phenomenon should be viewed with the 

utmost seriousness, as online criminals are 

improving at an unexpectedly rapid pace, and 

the damage they can do is extremely high 
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ABSTRACT: According to research conducted by global research teams, sophisticated threat designers are involved in 

attacking other groups to steal victims' data, borrow tools and techniques, and reuse infrastructure - making information 

about threats more difficult to detect for cyber security researchers. Exact threat information is based on identifying 

specific models and tools for a particular author. Such knowledge enables researchers to better identify the aims of 

offenders, targets and behaviors and help organizations to determine their level of risk. When the authors start attacking 

each other and take control of instruments, infrastructure, and even victims, this pattern begins to shake. Researchers 

believe that these attacks are most likely being carried out by state-supported assault groups targeting foreign or less 

prepared entities. It is important for IT security researchers to learn how to identify and interpret the signals of these 

attacks so they can put the information in context. The paper aims to bring to the forefront the cybercrime issue and 

some legal aspects of cybercrime in the European Union (EU). 
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1. INTRODUCTION 

 

According to 76% of 2015 Euro Barometer 

survey respondents, Internet users in the 

European Union (EU) are very concerned 

about the increased risk of computer security. 

They believe that the risk of becoming a 

victim of cybercrime has increased in 2015, 

their percentage being higher than in the 

previous survey conducted in 2014. 

Moreover, 12% of the internet users who have 

already had an account a social networking 

site or an email account broken. 

There is also a positive aspect highlighted by 

Euro Barometer: an increase in the number of 

users who connect to the Internet using a 

smart phone (35% versus only 24%) or tablet 

(14% versus 6% in 2012). 

The Euro Barometer survey was conducted in 

2015 and targeted all countries within the 

European Union, where 26,680 interviews 

were conducted, out of which 1,053 were held 

in Romania. 

 

1.1. Identity theft and payments security 

 

Although 70% of Internet users across the EU 

are confident in their ability to use the virtual 

environment to shop or perform online 

banking, only about 50% of them do so in 

practice. 

This significant discrepancy highlights the 

negative impact of cybercrime on the digital 

single market, the two major concerns about 

this type of online activity being fraudulent 

use of personal data (37% of respondents) and 

online payment security (35%). 

This survey highlights the destructive impact 

of cybercrime on internet use - too many 

people choose not to fully exploit the 

possibilities offered by the virtual 

environment, which is detrimental to the 

European digital economy and online 

activities. 

European cooperation needs to be 

strengthened, based on the efforts of the 

European Center for Cybercrime Combat; to 

tackle the root causes of cybercrime 

organized [1]. 

Encouragingly, the number of EU citizens 

who consider themselves well informed about 

cybercrime risks has increased (44% 

compared to 38%). It seems, however, that 

they do not always pay due attention to the 

consequences that this information signals. 

For example, fewer than half of internet users 

changed their passwords (48%, which 
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represents a slight improvement over 45% of 

respondents who had done such an operation). 

The Euro barometer survey, attended by more 

than 27 000 people from all Member States, 

also shows that: 

 87% of respondents avoid disclosing 

personal information online (which is a 

slight decrease compared to 89%); 

 Most respondents still feel they are not 

well informed about the risks of 

cybercrime (52% compared to 59%); 

 7% were victims of online credit card 

fraud or bank operations; 

 There has been a significant increase in the 

number of users who connect to the 

Internet using a smart phone (35% versus 

24%) or one tablet (14% versus 6%). 

 

1.2. European Commission's activity for 

preventing cybercrime 

 

The work of the European Commission (EC) 

aims to strengthen EU general measures to 

combat cybercrime and contributes to 

improving citizens' security in the virtual 

environment. 

The European Center for Combating 

Cybercrime (EC3), which started work in 

2013, is working to develop a collective EU 

response to the threats generated by 

cybercrime. 

Co-operation with law enforcement 

authorities in Member States and other states, 

as well as the provision of assistance to these 

authorities, is a central priority of the EC3. In 

2013, the Commission, together with the 

European External Action Service, also 

adopted an EU strategy on IT security [1, 2]. 

The priorities in this area include assisting 

Member States in identifying and addressing 

weaknesses in their capacity to fight 

cybercrime and promoting cooperation 

between the EC3, Member States and other 

actors. In addition, in 2013, the EU has 

adopted new rules to strengthen Europe's 

means to defend itself against cyber attacks. 

These rules provide for the criminalization of 

botnets, is infected computer networks whose 

processing power is used to launch cyber 

attacks, and other tools used by offenders in 

the virtual environment. 

These rules also introduced new aggravating 

circumstances and harsher criminal penalties 

to effectively prevent large-scale attacks 

against information systems. In addition, the 

rule improves cross-border cooperation 

between judicial systems and police 

authorities in EU Member States. 

 

2. WARS ESPIONAGE 

 

This chapter deals with the topic: how to steal 

and copy between them the group of attackers 

supported at the level state. Researchers 

believe that these attacks are most likely 

being carried out by state-supported assault 

groups targeting foreign or less prepared 

entities. It is important for IT security 

researchers to learn how to identify and 

interpret the signals of these attacks so they 

can put the information in context. 

Examining these attacks in detail, researchers 

identified two main approaches: passive 

approach and active approach. Passive attacks 

involve the interception of other group‘s data 

in transit, for example when trafficking 

between victims and command and control 

servers. These are almost impossible to 

detect. An active approach involves 

infiltration into the infrastructure of another 

author. 

There is a higher risk of detection in the case 

of an active approach, but it also has 

advantages because it allows the attacker to 

constantly extract information, monitor his 

target and victims, and eventually insert his 

own samples or attack on behalf of victims. 

The success of the active attacks depends on a 

target that makes operational security 

mistakes. 

The team of researchers has identified a 

number of unusual artifacts, along with the 

investigation of certain groups, which 

suggests that active attacks are already a 

reality. Some conclusive examples: 

a) Backdoor installed in the control and 

control infrastructure of another entity (C & 

C). Installing a backdoor on a controlled 

network allows attackers to stay for a long 
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time inside the operations of another group. 

Researchers have discovered what appear to 

be two examples of such backdoor. One of 

these was found in 2013 during a NetTraveler 

server review, a Chinese-language campaign 

targeting Asian activists and organizations. 

The next one was discovered in 2014 during 

the investigation of a site attacked and used 

by Crouching Yeti (also known as Energetic 

Bear), a Russian-language author who targets 

the industrial sector in 2010. Researchers 

have observed that for a short time the panel 

which deals with the C & C network has been 

modified with a clue leading to a Chinese IP 

(most likely a false, specially misleading 

indication). Researchers believe that this was 

also a backdoor belonging to another group, 

although there are no clues about its identity. 

b) Publication of controlled sites. In 

2016, researchers discovered that a site 

compromised by the Korean language group 

DarkHotel ―hosted‖ exploitation scripts for 

another attacker, called ScarCruft, a group 

that specifically targets organizations in 

Russia, China and South Korea. Operation 

DarkHotel dates back to April 2016, while 

ScarCruft attacks were implemented a month 

later, suggesting that ScarCruft may have 

noticed DarkHotel attacks before launching 

their own attacks. 

c) Targeting through intermediaries. 

Infiltration of a stake group in a particular 

region or industry allows attackers to reduce 

costs and improve their targeting, benefiting 

from the victim's specialized expertise. Some 

authors use common victims rather than steal 

them. This approach is risky if one of the 

attackers is not well prepared and caught, 

because further investigation of the incident 

will reveal the other attackers. In November 

2014, researchers announced that a server 

belonging to a Middle East research institute 

known as the Magnet of Threats hosted 

malware for complex authors such as Regin 

and the Equation Group (speakers of UK) 

Turla and ItaDuke (speakers of Russian), as 

well as Animal Farm (French) or Careto 

(Spanish). In fact, this server was the starting 

point for discovering the Equation Group. 

Attribution is difficult when the clues are few 

and easy to handle, and now we have to take 

into account the impact of the reciprocal 

attack on the authors. As more groups use the 

tools, victims, and infrastructure of others, 

they put their own samples or adopt the 

victim's identity to make other attacks, how 

can cyber security researchers succeed in 

building a clear and accurate picture? The 

examples suggest that some of these are 

already a reality, and researchers will need to 

stop a moment and adapt their thinking when 

they need to look at the work of advanced 

attackers [3]. 

To keep up with the changing threats, 

researchers recommend companies to deploy 

a full security platform and use threatening 

information. Security Portfolios provide 

companies with the latest security endpoint 

security, detection, prediction, and instant 

response to incidents through threat 

intelligence services [3]. 

 

3. EUROPEAN RULES AGAINST 

THEFT OF TRADE SECRETS 

 

In a world of cybercrime that attacks new 

market segments daily, EU officials are 

thinking about policies and tools that protect 

community firms from computer intrusions 

and theft of trade secrets. 

For this purpose, the European Commission 

proposes a series of new rules for the 

protection of undisclosed business knowledge 

and information (trade secrets) to counteract 

their acquisition, use and unlawful disclosure 

[4]. 

The EC proposal for a directive introduces a 

common definition of trade secrets as well as 

a number of means by which those who are 

victims of misuse of trade secrets can obtain 

compensation. 

The Community Directive will help national 

courts to deal with misappropriation of 

confidential business information cases, to 

remove products that violate trade secrets 

from the market, and allow victims to obtain 

compensation for unlawful actions [4, 5]. 
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3.1. The stealing of information has 

increased 

 

In the current knowledge-based economy, the 

ability of the companies to innovate and 

compete can be severely affected when 

confidential information is either stolen or 

misused [6]. 

According to a recent poll, a five-year firm 

has been the subject of at least an attempted 

theft of its trade secrets, according to a study 

on trade secrets and confidential business 

information in the internal market [7]. 

According to the World Fraud Report [8] for 

2013/2014, these figures are rising, with 25% 

of companies reporting theft of information in 

2013, compared with only 18% in 2012. 

Obviously, there are considerable differences 

in the legislation in force in EU countries on 

the protection against commercial misuse of 

trade secrets. More serious is that some 

countries do not have specific legislation on 

this subject. 

In addition, companies have difficulty 

understanding and accessing other Member 

States' systems. Therefore, when they are 

victims of abusive possession of confidential 

know-how, firms are reluctant to initiate civil 

action because they are not sure that the 

courts will keep the confidentiality of their 

commercial secrets. 

Thus, the whole of the current fragmented 

system has a negative effect on cross-border 

cooperation between firms and research 

partners representing a significant 

impediment to the use of the EU single 

market as a vector of innovation and growth. 

 

3.2 Commercial espionage is part of the EU 

paradigm 

 

Cybercrime and industrial espionage are, 

unfortunately, part of the realities faced by 

businesses in Europe every day. We need to 

make sure that national legislation evolves in 

time and that strategic assets of firms are 

adequately protected against theft and misuse. 

But protecting trade secrets also means more 

than that. 

The proposal aims to boost the trust of 

companies, creators, researchers and 

innovators in collaborative innovation across 

the European market. They will not be 

discouraged from investing in new knowledge 

because of the risk of their commercial secrets 

being stolen. This is an additional step in the 

efforts of the European Commission to create 

a legal framework favoring innovation and 

smart economic growth. 

Protecting business secrets is particularly 

important for smaller EU firms, whose base is 

less robust. They use trade secrets more than 

larger firms, partly because of the cost of 

patenting and protection against crime. 

In the case of an SME (Small and Medium 

Enterprises), the loss of a trade secret and the 

disclosure of an essential invention to 

competitors is equivalent to a catastrophic fall 

in its value and future performance [6]. 

Through the proposed legislation, the 

Commission will protect the vitality of EU 

businesses and trade secrets that are an 

essential part of this vitality. 

 

3.3. The European Commission proposal 

 

The proposal aims to provide firms with an 

adequate level of protection and effective 

remedy if their commercial secrets are stolen 

or misused. The new solid, balanced and 

harmonized trade secrets system will provide 

businesses and researchers with a safer 

environment in which to create, share and 

protect valuable know-how and technologies 

throughout the single market [5 - 6]. 

Thus, the system will also foster the 

commitment of companies and researchers 

from different EU countries to joint projects 

based on collaboration in the field of 

innovation and research. 

Under the "Innovation Union" initiative, 

which is one of the pillars of the "EU 2020 

Strategy", the Commission is committed to 

creating an innovation-friendly environment. 

In this framework, the Commission has 

adopted a comprehensive strategy to ensure 

the smooth functioning of the single market in 

intellectual property rights. 
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This strategy is extended also to 

complementary areas of intellectual property 

rights (IPR) such as trade secrets. These 

business secrets ("business confidential 

information" or "undisclosed information") 

are used by companies of all sizes in all 

economic sectors to protect a wide range of 

information. Examples are the Michelin tire 

manufacturing process, the "Pasteis de 

Belém" recipe (Portuguese tart with cream), 

the technology and know-how used for 

Airbus aircraft and the Google search 

algorithm. 

 

3.4. The importance of commercial secrets 

 

Trade secrets are particularly important for 

smaller firms that lack the human and 

financial resources needed to explore, manage 

and enforce a broad portfolio of intellectual 

property rights. 

Unlike patented inventions or copyrighted 

novels, a trademark owner, such as a formula, 

a commercial process, a recipe, or a 

marketing concept, is not the owner of an 

exclusive right to create it. 

Contestants and other third parties can 

therefore discover, develop and use freely the 

same formula. Commercial secrets are legally 

protected only in cases where a person has 

obtained confidential information by 

illegitimate means (for example, by theft or 

bribery). 

Therefore, trade secrets are substantially 

different from IPR, which confers exclusivity. 

However, trade secrets must be protected for 

the same reasons as intellectual property 

rights: to stimulate innovation by ensuring 

that creators have the opportunity to be 

rewarded for their efforts [9]. 

The proposed directive achieves this by 

providing innovators with means of defending 

against dishonest practices aiming at illegally 

obtaining their confidential information to 

take advantage of innovative solutions 

without incurring any investment associated 

with research or reverse engineering. 

 

 

 

4. CONCLUSIONS 

 

Internet [10, 11]] frauds and identity theft 

have become serious problems and often lead 

to real online data blows because most of the 

people are not good at computers and are 

afraid of losing their money. 

The phenomenon should be viewed with the 

utmost seriousness, as online criminals are 

improving at an unexpectedly rapid pace, and 

the damage they can do is extremely high. 
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ABSTRACT: Urban mobility planning is a difficult and complex task. Planners need to handle different requests and 

requirements, sometimes in contradiction, at local level and even further when it comes to helping achieve the European 

climate change and energy efficiency targets. Complexity is exacerbated by political change and, as is currently the case 

in many European countries, severe financial constraints. A sustainable urban mobility plan is a concept that contributes 

thorns meeting the European climate change and energy efficiency targets set by EU (European Union) leaders. Urban 

Mobility Plan formerly extensively and it is extensively promoted by the European Commission (EC). For example 

through the Urban Mobility Action Plan (2009) and the White Paper on Transport (2011) as a new concept of planning 

capable of addressing transport challenges and changes in urban areas in a more sustainable and integrative way. 

Sustainable urban mobility plans are expected to remain on the political agenda of the European Commission and the 

Member States. The paper tries to bring to the foreground and address this issue - sustainable urban mobility - in the 

context of the explosion in the public space of the concept of "smart city". 

 

KEY WORDS: urban mobility, sustainably plan, sustainable development, public transportation, densification of 

capabilities, smart city. 

 
1. INTRODUCTION 

 

If "man is the measure of all things‖, the 

success of any digital transformation project 

depends, to a large extent, on people's ability 

to understand the concept of „smart city‖ and 

effectively use technology in day-to-day work 

[1]. Running such urban mobility projects 

puts a lot of pressure on human resources, 

whether we are talking about optimizing 

workflows, acquiring the right solutions and 

implementing them. 

In major cities around the world, traffic 

volumes and demand for public transport are 

steadily increasing. Urban expansion requires 

more sector solutions, due to factors such as: 

road congestion, economic restrictions and 

environment-friendly crops [2, 3]. These 

factors generate opinions and reports 

favorable to public transport. 

Globally, two major challenges have been 

identified for the urban public transport 

sector: 

1. How can we increase the capacity of the 

routes, especially in peak times? 

2. How can we serve and better meet more 

passengers? 

Researchers identified five main areas for 

improving the urban transport system to meet 

these challenges. 

a. Creating new infrastructure. With many 

underground subway lines relying on the old 

tunnels, with a strictly limited capacity, cities 

like Paris are looking for new surface 

solutions. New tram and bus lines, new 

"Rapid Transit" routes are planned and 

designed to bring about an ongoing 

development of urban transport infrastructure. 

Paris has a particularly innovative approach 

with the launch of the "Grand" project. This 

interesting development through the 

implementation of the project provides for 

130 km of automated underground lines with 

40 intermodal stations. The aim of the project 

is to promote the concept of "suburban – to - 

suburban" mobility and to reduce the current 

saturation of the transport network. 

b. Densification of capacities. After the 2012 

Olympic Games London residents put a 

special emphasis on expanding public 

transport capacity to make a significant 
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difference between a simple trip and a daily 

commute. The local transport company aims 

to automate processes to improve and achieve 

progress in safety and regularity as well as 

bringing in new rolling stock for more 

comfort and more peak hours. 

c. Creating a customer centered culture. 

Something new emerges, which is only the 

beginning of the metro sector and which has 

been developing in recent years, is corporate 

culture. The transport company has launched 

a staff training service to implement this new 

customer-centric culture and training all staff 

members for a proactive developing attitude 

in order to help inform customers better with 

new services offered. 

In addition, stations and points of connection 

are upgraded by creating more open spaces 

where transport modes are easier to connect 

with city activities, such as important 

shopping points (hypermarkets, malls, etc.) 

culture and sports (stadiums, sports halls, 

etc.), or recreational places (parks, swimming 

pools, etc.). 

d. Development of IT services (Information 

Technology). This is a relatively new field for 

a sector that has traditionally used the main 

station as a ‗touch-point’ for passengers, for 

ticket purchases and for obtaining 

information. Public transport has to set up a 

plan to provide multi-modal real-time 

information, including smart phone usage, 

using "dual-band" technology that allows 

passengers to travel effectively using 

technology "contactless smart card", and a 

multi-channel e-ticketing system, which 

makes travel easier by buying tickets online. 

This is an area where development in the rail 

sector is really needed, which is traditionally 

very good at IT engineering solutions but is 

less confident in the implementation of e-

commerce or customer-oriented IT systems 

[4]. 

e. Customizing the user experience. Over 

time, we have moved from mass 

transportation to personalized transport 

solutions. Urban public transport has to see 

how IT can be used to integrate and 

customize ticketing solutions and information 

services; develop loyalty programs (and take 

on some key aeronautical information), such 

as the development of interactive maps 

showing all the relevant connections for a 

trip. 

So these 5 different strategies are the key to 

any public transport department to go beyond 

the usual planning, with a view to 

successfully integrating each urban area into a 

single combined action plan. It has to be 

forgotten how to work together, such as 

combining new peak demand with the 

satisfaction of travelers, or the ability to 

deliver more capacity without waiting for 

years for a new infrastructure, as well as the 

possibility to design, implement and operate 

new lines without financial pressure. 

 

2. EFFICIENT MULTIMODAL TRAN-

SPORTATION ON AN INTEGRATED 

NETWORK 

 

For intermediate distances, new technologies 

are less developed and modal options are 

more limited than in the city. This is where 

the White Paper on Transport can have the 

most direct impact, as there are fewer 

constraints on subsidiary or international 

agreements [3]. 

It is unlikely that the simplest use of cleaner 

energy and cleaner vehicles will ensure the 

necessary reduction in emissions or solve the 

problem of congestion. 

Better integration of modal networks will lead 

to an increased number of modal options, so 

airports, ports, railways, subways and bus 

stops should be increasingly linked and 

converted into multimodal passenger 

platforms. 

Online information systems and electronic 

reservation and payment systems that 

integrate all means of transport should 

facilitate multimodal travel. The wider use of 

collective transport modes must be 

accompanied by an adequate set of passenger 

rights. 

Although the scope of public service contact 

is widespread in EU Member States, many of 

the terrestrial passenger transport services that 

are needed in terms of general economic 

interest can not yet operate commercially. The 
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competent authorities of the Member States 

must be able to act to ensure that such 

services are provided. 

The mechanisms that these authorities can use 

to ensure the provision of public passenger 

transport services include the granting of 

exclusive rights to public service operators, 

the granting of financial compensation to 

public service operators and the definition of 

general public transport operating rules 

applicable to all operators [5, 7]. 

Many Member States have adopted 

regulations providing for the granting of 

exclusive rights and public service contracts 

at least on part of their public transport 

market under fair and transparent competitive 

tender procedures. As a result, trade between 

Member States has developed significantly, 

and a number of public service operators are 

currently offering public passenger transport 

services in several Member States. 

However, developments in national 

regulations have led to disparities between the 

procedures applied and generated legal 

uncertainty as regards the rights of public 

service operators and the obligations of the 

competent authorities. The public service 

contract should support rail passenger 

transport operators in support of the 

intensification of multimodal passenger 

transport. 

A greater share of travel by means of public 

transport, combined with minimum service 

obligations, will increase the density and 

frequency of services, thus generating a circle 

favorable to public transport. 

Demand management and land-use planning 

can reduce traffic volumes [8]. Urban and 

suburban rail, walking and cycling should 

become an integral part of urban mobility and 

infrastructure design. 

 

3. URBAN SUSTAINABLE MOBILITY 

PLAN 

 

A sustainable urban mobility plan is a 

strategic plan that builds on existing planning 

practices, paying due attention to the 

principles of integration, participation and 

evaluation to meet the mobility needs of 

today's and tomorrow's people, for better 

quality life in cities and surroundings. 

A Sustainable Urban Mobility Plan aims at 

creating a sustainable urban transport system 

by: 

 Facilitating access for all to jobs and 

services; 

 Improving safety and security; 

 Reduction of pollution, greenhouse gas 

emissions and energy consumption; 

 Increasing the efficiency and cost 

effectiveness of passenger and freight 

transport; 

 Improving the attractiveness and quality of 

the urban environment. 

Policies and measures defined in a 

Sustainable Urban Mobility Plan (SUMP) 

must address all modes and forms of transport 

across the urban agglomeration, including 

public and private transport, passenger and 

freight, motorized and non-motorized, on the 

move or off. 

Municipalities should not consider it as yet a 

plan on the agenda. It is important to 

emphasize that a Sustainable Urban Mobility 

Plan builds up and extends existing plans. 

A Sustainable Urban Mobility Plan is a way 

to better address transport issues in urban 

areas. Starting from existing practices and 

regulations in the Member States of the 

European Union, its basic features are: 

 participatory approach; 

 pleading for sustainability; 

 integrated approach; 

 clear vision, measurable objectives and 

targets; 

 review the costs and benefits of transport. 

A participatory approach that involves both 

citizens and investors and politicians from the 

beginning and throughout the planning 

process is specific to SUMP. The 

involvement of citizens and other actors is a 

basic principle to be followed. It is crucial to 

carefully plan this participation. This requires 

consent for the involvement of certain groups 

of actors and the influence that they may 

have. 

Consent is needed to motivate the 

involvement of certain groups of actors and 
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the influence they can have. After clear 

identification of actors, a clear coordination 

strategy should define how and when each of 

them is involved. 

Through proper involvement of citizens and 

actors, decisions for and against certain urban 

mobility measures as well as SUMP itself can 

achieve an important level of "public 

legitimacy". 

A plea for sustainability to balance economic 

development, social equity and urban quality 

must include SUMP. A commitment to the 

principles of sustainability is essential. As 

sustainability is a complex concept, it is 

important for key actors to develop a common 

understanding of the importance of 

sustainability and sustainable mobility for a 

city and its neighborhoods. 

In the development of a SUMP, the vision 

needs to be broadened beyond transport and 

mobility, with a fair view of social, economic, 

environmental and institutional-political 

criteria. 

In the Action Plan on Urban Mobility 

published in 2009, the European Commission 

has proposed to accelerate the adoption of 

Sustainable Urban Mobility Plans in Europe, 

providing guidance material, promoting the 

exchange of best practices, identifying 

benchmarks and supporting educational 

activities for urban mobility professionals. 

EU Transport Ministers support the 

development of Sustainable Urban Mobility 

Plans. The conclusions of the 2010 Urban 

Mobility Action Plan state that the Council of 

the European Union "supports the 

development of Sustainable Urban Mobility 

Plans for cities and metropolitan areas [...] 

and encourages the development of incentives 

such as expertise and exchange of 

information to create such plans". 

In 2011, the European Commission (EC) 

issued the White Paper on Transport 

"Roadmap for a Single European Transport 

Area - Towards a competitive and resource 

efficient transport system". 

The White Paper on Transport proposes to 

consider the possibility of transforming 

Sustainable Mobility Plans into a mandatory 

compilation process for cities of a certain 

size, in line with national standards based on 

EU guidelines [9]. 

It also suggests exploring a link between 

regional development and cohesion funds, 

and cities and regions that have presented an 

Audit of Performance and Urban Mobility 

Sustainability. Finally, the White Paper on 

Transport proposes the possibility of a 

European support framework for the gradual 

implementation of Urban Mobility Plans in 

European cities. 

The development and implementation of a 

Sustainable Urban Mobility Plan should be 

understood as a continuous process 

embodying eleven essential steps. The 

graphical presentation (Figure 1.) of this 

process depicts these steps in a logical 

sequence. In practice, these activities can run 

partially in parallel or include feedback loops. 

A detailed description of all steps and 

activities can be found in the Guidelines on 

the "Development and Implementation of a 

Sustainable Urban Mobility Plan". The guide 

includes examples of good practices, useful 

tools and references that illustrate the whole 

process of developing the plan [6]. 

 

4. CONCLUSIONS 
 

We live in the age of technology, and 

everything around us becomes "smart" - from 

tools, organizations and communities [10]. 

For a long-term, it is necessary to lead the 

education system to specializations related to 

"smart city" and in the short-term it is 

necessary to carry out intensive training 

programs for the employees of the Central 

and Local Public Administration or other 

types of organizations. 

In this context, we have to ask ourselves: 

How do we prepare for this future and how 

does the Romanian School adapts to prepare 

the younger generation for trades that do not 

yet exist? Furthermore, how can the private 

environment are involved in this process? 

Reality shows that most urban administrations 

want to follow this concept, but the 

accompanying training and professional 

certifications are lacking [11]. It is necessary 
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to harmonize the intentions, objectives and 

efforts of all parties involved. 

Romania can considerably increase its 

economic and social performance if for a long 

term it correlates its education with the 

requirements of smart specialization fields. 
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ABSTRACT: The 3
rd

 millennium offers a new image of the global market. In the last decades the abundance of 

products offered creates the image of a world market that belongs to consumers. Producers came up with new 

alternatives regarding the economic utility of goods in their network, specifically a prioritized approach for the quality 

of goods. The quality of products is an important economic indicator. In the technological flow of achievement of a 

metal product, bending is very important, the quality and conformity of the product depending on this operation. The 

paper proposes research and studies on determining the drawings of metal parts considering that other variables such: 

the tolerance between the surfaces of the bending tools, the vibrations of the machines, the temperature variation during 

the processes of punching and bending, tool usage, the roughness of the sheet metals may influence the quality and 

precision of the products. The calculation of the drawing (the geometry in plane of the piece) becomes important 

because it must include the deformation caused by the bending operation. Bending coefficients Kî  must compensate for 

deviations from the final dimensions of the metal parts. The bending coefficient Kî is determined by experimental tests 

and measurements. 

KEYWORDS: quality, other variables, CNC machines, the bending coefficients Kî , conformity. 

 

 

1. INTRODUCTION 

 

The study and research conducted and 

presented in this essay, focuses on the 

manufacturing of metal marks made out of 

OL37 with 1.5 mm thickness. Laborious 

research to determine the optimum bending 

coefficient was performed in two stages 

respectively in two different companies. In 

the first stage there were determined the 

bending coefficients Ki for metal marks with 

a thickness between 1 and 3 mm, on the 

following machines with CNC: 

-Stamping machine TC 200R; 

-Bending Machine type SAFAN. 

The bending coefficients resulted after the 

tests and measurements, determined the 

extension of the research on other machines 

with CN. The second stage of the research 

introduced a variety of possibilities used to 

determine the drawings of the components. 

The machines used to create the metal 

components were: 

-Stamping machine TruPunch 3000R with 

CN; 

-Bending Machine ERM 30135. 

In four ways the drawings (flat patterns) were 

calculated: 

a) The drawing of the single part calculated 

using the bending coefficient KAi resulted in 

the first stage; 

b) The drawing calculated mathematical on 

neutral fiber; 

c) The drawing calculated on neutral fiber 

using the coefficients KEi obtained from the 

table; 

d) The drawing calculated by the bending 

machine software. 

The purpose of the research is to determine 

the optimal bending coefficient for the 

components to be obtained with the highest 

precision. The bending coefficients Kî 

obtained after the experimental 

determinations were highlighted tabular. They 

can be introduced in the computer aided 

design program (CAD- Computer Aided 

Design) for the metal components to be 

processed using CN machines (CAM – 

Computer aided-manufacturing). The input of 

the research for manufacturing components 

that follow the deviation of measures 

mailto:netapops@yahoo.com
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highlighted the importance of the quality of 

metallic marks. 

 

2. TECHNICAL REQUIREMENTS 

 

The global economic system allowed the 

debut of ISO 9000 standards and the 

instruction of real professionals of quality, 

which had a powerful impact in the 

commercial trades between countries [1]. 

There was a significant leap in quantity and 

quality in commercial trades, determining a 

new international economic order [2]. The 

quality of products and benefits became a 

priority due to the degree of utility and the 

need of maximizing the consumer 

satisfaction. The quality and precision of the 

samples obtained is affected by the presence 

of variables caused by the machines that 

perform various activities and also by the 

tools used and elements that create a system 

(machine/tool) for delivering the desired 

purpose 3.These variables are not included 

in the software used for the computer aided 

design and manufacturing 3. 
  

2.1. Semi-manufactured cutting 

 

The calculation of the drawings is important 

because it contains also the deformations 

created during the bending process. The metal 

marks made out of metal sheet with g=1.5mm 

were manufactured using the stamping 

machine TruPunch 3000R. There were 

manufactured three types of samples with a 

gradual degree of complexity. For each type 

of the drawings there were used four types of 

calculations. For the component ― L support‖ 

(Fig.1) there were suggested four types of 

samples depending on the drawings (flat 

patterns) calculated. The bending coefficient 

(Kî) obtained has been included in the 

calculation of the drawings as seen in Fig.2, 

Fig.3, Fig.4, Fig.5. 
 

 
Figure 1: L Support (Sample: no.1, no.2, no.3, no.4) 

 

The drawing of the sample no.1 image 15-1-L 

was calculated using the bending coefficient 

resulted from the previous research KAî = - 

0.48 mm/ bending on 90 degree angle. 

mmKggL Ai 02.3448.05.3448.05.15.125.125 211     (1) 

 

Figure 2: The drawing of the sample no. 1 (L Support) 
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Sample no.2 image 15-2-L has the drawing calculated of the neutral fiber [5]. 

mm

grggL

91475.3441475.35.31175.257.15.922)5.145.05.1(57.1

5.125.125.1225)45.0(
180

90
25.12225 

0

0

212










 (2) 

 

For the drawing of the sample no.2 the 

following information was used: 

 θ= 90
0
; r = 1.5 mm; x = 0.45 [8]; g = 1.5mm 

 

Figure 3:  The drawing of the sample no.2 (L Support) 

For the drawing of the sample no.3 image 15-

3-L the drawing of the neutral fiber was 

calculated using the bending coefficient KE3 = 

KE1 =0.35 mm/ bending at 90 degrees angle, 

depending on the thickness of the material 

g=1.5mm and the radius of the bending punch 

R=2mm. 

mmKggL E 85.3435.0115.2335.05.15.125.125 3213                    (3)  

      

Figure 4:  The drawing of the sample no.3 (L Support) 

 

The drawing of the sample no.4 image 15-4-L 

was calculated by the software of the bending 

machine with CN (Numerical Command) [4].  

mmmmKggL soft 74.3424.05.3424.05.15.125.125 214                    (4)     

 

Figure 5:  The drawing of the sample no.4 (L Support) 
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The profile of the component ―Z Support‖ is 

presented in Fig.6. The four types of samples 

depending on the drawing calculated and are 

described in Fig.7, Fig.8, Fig.9 and Fig.10. 
 

 

Figure 6: Z Support (Sample: no.5, no.6, no.7, no.8) 

 

The drawing of the sample no.5 image 15-1-Z 

was calculated using the bending coefficient 

KAi resulted in the first stage of the research 

KAî = - 0.48 mm / bending at 90 degrees 

angle. 

 

mm

KgggL Ai

04.6896.05.18225.28

48.025.1205.12255.13022 3215



 
 (5) 

 

Figure 7:  The drawing of the sample no.5 (Z Support) 

 

For the sample no. 6 image 15-2-Z the 

drawing was calculated on neutral fiber [5]. 

 

mmx

grgggL

.8295.698295.663175.214.363

)675.05.1(14.3171927)5.145.05.1(14.35.12205.1425

5.1230)45.0(
180

90
22204252302 

0

0

3216













(6) 
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Figure 8:  The drawing of the sample no.6 (Z Support) 

 

The drawing of the sample no.7 image 15-3-Z 

was calculated according to the coefficient de 

KE3 = -2.65 mm/ bending at 90 degree angle 

(Fig.9). 
 

mmkL E 7.693.57565.222025302 33217  
                                   

(7)
 

 

Figure 9:  The drawing of the sample no.7 (Z Support) 

 

The drawing of the sample no.8 image 15-4-Z 

was calculated by the software of the bending 

machine with C.N (Fig.10). 

 

 

 mm

kgggL soft

98.7098.15.18225.28

99.025.1205.12255.13022 3218



 

        

(8)
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Figure 10:  The drawing of the sample no.8 (Z Support) 

 

The profile of the ―U Support‖ component is 

described in Fig.11 and the drawings were 

calculated in four ways (Fig. 12, Fig. 13, Fig. 

14, Fig. 15).

 

 
Figure 11: U Support (Sample: no. 9, no.10, no.11, no.12) 

 

The drawing of the sample no.9 image 15-1-U 

(Fig.12) was calculated using the bending 

coefficient KAî= -0.48mm/ bending at 90
 

degrees angle [5]. 

mmmm

KgggL
îA

04.8396.08496.05.18

375.2848.025.1205.12405.13022 3219



 
  (9)    

 

Figure 12: The drawing of the sample no.9 (U Support) 
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The drawing of the sample no.10 image 15-2-

U (Fig.13) was calculated mathematical on 

neutral fiber according to the thickness of the 

material and the radius of the bending punch. 

mm

grgggL

.8295.84

8295.678175.214.3172437)5.145.05.1(14.3320630340

)45.0(
180

90
22204302402 

0

0

32110













(10)    

 

Figure 13: The drawing of the sample no.10 (U Support) 

 

The drawing of the sample no.11 image 15-3-

U (Fig.14) was calculated in neutral fiber 

according to the bending coefficient KE3 = -

2.65 mm/ bending at 90 degrees angle. 

mmxkL E 7.843.59065.222030402 332111  
                                 

(11)     

 

Figure 14: The drawing of the sample no.11 (U Support) 
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The drawing of the sample no.12 image 15-4-

U (Fig.15) was calculated by the software of 

the bending machine with CN. 

mm

kgggL soft

48.8448.08448.05.18275.38

24.025.1205.12305.14022 32112



 
(12)     

 

Figure 15: The drawing of the sample no.12 (U Support) 

 

The final data was centralized in table 1. 

There are differences between the drawings 

and that increase gradually, depending on the 

complexity and the number of the bent 

component [6]. 

 

Table 1:  The drawings calculated using the four methods 

Sample name 

(g=1.5mm) 

The drawing 

determined by 

tests and 

measurements KAi 

The drawing 

calculated on 

neutral fiber 

The drawing 

calculated on 

neutral fiber with 

coeficientul KE3 

The drawing 

calculated by the 

software of the 

bending machine 

Sample no.1÷4  - L 

support 

34.02 mm  34.91475 mm   34.85 mm 34.74 mm 

Sample no.5÷8  - Z 

support 

68.04 mm 69.8295  mm 69.7 mm 70.98 mm 

Sample no.9÷12- U 

support 

83.04 mm  84.8295   mm   84.7 mm       84.48mm  

 

2.2 Measuring the benchmarks of the 

samples after stamping 

 

The samples cut using the stamping machine 

TruPunch 3000R (table 2) were measured 

using the digital callipers Mitutoyo that has a 

precision of ± 0.01 mm. The stamping 

precision according to the specifications of 

the machine TruPunch 3000R is ± 0.1mm. 

From every type of sample five pieces were 

executed. 

 

Table 2:  The drawings calculated using the four methods 

Sample Image Nominal 

benchmark 

 (mm) 

Sample 

no.1 

(mm) 

Sample 

no.2 (mm) 

Sample 

no.3 

(mm) 

Sample 

no.4 

(mm) 

Sample 

no.5 

(mm) 

Sample no.1 15-1-L 34.02 34.02 34.05 34.03 34.05 34.02 

Sample no.2 15-2-L       34.91475 34.93 34.92 34.95 34.93 34.92 

Sample no.3 15-3-L 34.85 34.87 34.86 34.84 34.87 34.87 

Sample no.4 15-4-L 34.74 34.77 34.78 34.71 34.72 34.78 
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Sample no.5 15-1-Z 68.04 68.07     68.05     68.04     68.06     68.00     

Sample no.6 15-2-Z     69.8295 69.85 69.83 69.8 69.84 69.86 

Sample no.7 15-3-Z       69.7 69.71 69.72 69.73 69.71 69.74 

Sample no.8 15-4-Z 70.98 70.96 71.02 70.99 70.99 70.98 

Sample no.9 15-1-U 83.04 83.04 83.03 83.06 83.01 83.02 

Sample no.10 15-2-U     84.8295 84.83 84.82 84.83 84.83 84.81 

Sample no.11 15-3-U       84.7 84.69 84.7 84.69 84.7 84.71 

Sample no.12 15-4-U 84.48 84.47 84.46 84.48 84.49 84.46 

  

2.3. Bending semi-manufactures materials 

 

The bends of the stamped samples were done 

using bending process the company were the 

research was made having an important 

processing center equipped with numerical 

controlled machines and the necessary tools 

and devices. Fields of elastic and plastic 

deformation produced of the bending. The 

plastic and elastic deformation of the semi-

manufactured material is produced only in the 

area near the bending line 7. The tools used 

for the bending process were chosen 

according to the type of material, the 

thickness of the metal sheet and the 

configuration of the component, which 

positively influenced the quality and precision 

of the execution. The resulted benchmarks 

consistent with the execution image, depends 

on the experience and professionalism of the 

user. For the calculation of the drawing was 

taken into consideration the type of punch and 

die used. It was selected a punch with 

R=1.5mm type 1282–35–R 1.5 H 90 and a die 

with an opening V=10mm [9]. The bending 

was done freely without calibration. The 

sequence of the bending operations used to 

create the benchmark ―L Support‖ is 

described in Fig.16. 

 

 

 
Figure 16: Bending samples no. 1, 2, 3, 4  

The limits for the linear deviations are 

according to table 3. The components created 

were measured and the data was centralized in 

table 4. There were also calculated the 

deviations and the nominal benchmarks to 

choose the most optimal option.  
 

Table 3:  Maximum deviations to linear dimensions except countersinks 

Execution Benchmark 0.5 

mm up to 3 mm 

Benchmark 3mm 

up to 6 mm 

Benchmark 6 mm 

up to 30 mm 

Benchmark 30 

mm up to 120 mm 

Smooth ±0.05 ±0.05 ±0.1 ±0.15 

Medium  ±0.1 ±0.1 ±0.2 ±0.3 

Rough ±0.2 ±0.3 ±0.5 ±0.8 

Coarse - ±0.5 ±1 ±1,5 

 

Table 4:  Deviations from the nominal benchmarks  of  sample 1, 2, 3, 4 

L Support Component no.1 

(mm) 

Component no.2 

(mm) 

Component no.3 

(mm) 

Component no.4 

(mm) 

Component no.5 

(mm) 

Nominal 

benckmark  

(mm) 

12.5 25 12.5 25 12.5 25 12.5 25 12.5 25 
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Sample no.1 12.55 24.3 12.51 24.32 12.53 24.33 12.52 24.33 12.55 24.33 

Deviations from the nominal benchmarks (mm) 

 +0.05 -0.7 +0.01 -0.68 +0.03 -0.67 +0.02 -0.67 +0.05 -0.67 

Sample no.2 12.5 25.2 12.52 25.23 12.52 25.22 12.52 25.24 12.54 25.23 

Deviations from the nominal benchmarks (mm) 

 0 +0.2 +0.02 +0.23 +0.02 +0.22 +0.02 +0.24 +0.04 +0.23 

Sample no.3 12.52 25.2 12.5 25.18 12.5 25.19 12.52 25.16 12.52 25.18 

Deviations from the nominal benchmarks (mm) 

 +0.02 +0.2 0 +0.18 0 +0.19 +0.02 +0.16 +0.02 +0.18 

Sample no.4 12.51 25 12.52 25.07 12.5 25.06 12.5 25.02 12.52 25 

Deviations from the nominal benchmarks (mm) 

 +0.01 0 +0.02 +0.07 0 +0.06 0 +0.02 +0.02 0 

 

For type ―Z Support‖ reference points, the 

benchmarks after the bending process and the 

deviations from the nominal benchmarks were 

centralized in table 5.  
 

Table 5:  Deviations at nominal benchmarks for samples 5, 6, 7, 8 

Z Support Piece no.1(mm) Piece no.2(mm) Piece no.3 (mm) Piece no.4 (mm) Piece no.5 (mm) 

Nominal 

benckmark 

(mm) 

20 30 25 20 30 25 20 30 25 20 30 25 20 30 25 

Sample no.5 

1
9

.9
9
 

3
0

.0
3
 

2
3

.6
1
 

2
0

.0
4
 

3
0

.0
2
 

2
3

.5
 

1
9

.9
3
 

2
9

.9
9
 

2
3

.6
5
 

2
0

.0
3
 

2
8

.7
6
 

2
4

.8
 

1
9

.9
2
 

2
8

.5
6
 

2
5

.1
8
 

Deviations 

from the 

nominal 

benchmarks 

(mm) 

-0
.0

1
 

+
0

.0
3
 

-1
.3

9
 

+
0

.0
4
 

+
0

.0
2
 

-1
.5

 

-0
.0

7
 

-0
.0

1
 

-1
.3

5
 

+
0

.0
3
 

-1
.2

4
 

-0
.2

 

-0
.0

8
 

-1
.4

4
 

+
0

.1
8
 

Sample no.6 

2
0

.0
7
 

2
9

.9
4
 

2
5

.3
8
 

1
9

.9
5
 

3
0

.0
3
 

2
5

.4
7
 

1
9

.9
2
 

2
9

.9
9
 

2
5

.4
9
 

1
9

.9
3
 

2
9

.9
7
 

2
5

.5
5
 

2
0

.0
6
 

3
0

.0
1
 

2
5

.3
2
 

Deviations 

from the 

nominal 

benchmarks 

(mm) 

               

Sample no.7 

1
9

.9
5
 

3
0
 

2
5

.3
8
 

1
9

.9
1
 

2
9

.9
7
 

2
5

.4
2
 

1
9

.9
4
 

3
0

.0
1
 

2
5

.3
5
 

1
9

.9
5
 

2
9

.9
9
 

2
5

.3
5
 

1
9

.9
3
 

2
9

.9
5
 

2
5

.3
9
 

Deviations 

from the 

nominal 

benchmarks 

(mm) 

               

Sample no.8 

2
0

.0
1
 

3
0

.0
3
 

2
6

.5
6
 

1
9

.9
1
 

3
0
 

2
6

.6
5
 

2
0

.0
8
 

2
9

.9
8
 

2
6

.5
1
 

1
9

.9
5
 

3
0

.0
1
 

2
6

.6
1
 

1
9

.9
1
 

3
0

.0
5
 

2
6

.6
6
 

Deviations 

from the 

nominal 

benchmarks 

(mm) 

               

 

The sequence of the bending operations is 

described in Fig.17. 
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Figure 17: Bending samples nr. 5, 6, 7, 8  

 

The benchmarks obtained after bending the 

reference points type ―U Support‖ were 

centralized in table 6. The sequence of the 

bending operations is described in Fig.18. 
 

Table 6:  Deviations at nominal benchmarks (mm) for samples 9, 10, 11, 12 

U Support Piece no.1(mm) Piece no.2(mm) Piece no.3 (mm) Piece no.4 (mm) Piece no.5 (mm) 

Nominal 

benckmark 
20 30 40 20 30 40 20 30 40 20 30 40 20 30 40 

Sample no.9 

1
9

.9
8
 

3
0

.0
3
 

3
8

.7
 

2
0

.0
4
 

3
0

.0
7
 

3
8

.5
8
 

1
9

.9
3
 

3
0

.0
1
 

3
8

.7
9
 

1
9

.8
5
 

2
9

.9
9
 

3
8

.8
5
 

1
9

.9
2
 

3
0

.0
4
 

3
8

.7
8
 

Deviations 

from the 

nominal 

benchmarks 

               

Sample no.10 

1
9

.9
2
 

2
9

.9
9
 

4
0

.6
1
 

2
0

.0
1
 

3
0
 

4
0

.5
2
 

1
9

.8
6
 

3
0
 

4
0

.6
4
 

1
9

.9
5
 

3
0

.0
1
 

4
0

.5
7
 

1
9

.9
 

3
0

.0
4
 

4
0

.5
8
 

Deviations 

from the 

nominal 

benchmarks 

(mm) 

               

Sample no.11 

1
9

.9
3
 

3
0

.0
2
 

4
0

.4
2
 

1
9

.8
7
 

2
9

.9
8
 

4
0

.5
3
 

1
9

.9
1
 

2
9

.9
9
 

4
0

.4
7
 

1
9

.9
3
 

3
0

.0
1
 

4
0

.4
3
 

1
9

.9
3
 

3
0
 

4
0

.4
6
 

Deviations 

from the 

nominal 

benchmarks 

 

0
2
 

             

Sample no.12 

1
9

.9
 

3
0

.0
1
 

4
0

.2
3
 

1
9

.8
9
 

3
0

.0
2
 

4
0

.2
3
 

1
9

.9
3
 

2
9

.9
8
 

4
0

.2
4
 

1
9

.9
7
 

2
9

.9
9
 

4
0

.2
 

2
0

.0
4
 

3
0

.0
4
 

4
0

.6
 

Deviations 

from the 

nominal 

benchmarks 

    

0
2
 

+
0

.2
3
 

         

 

The order of the bending operations can be 

seen in the figure 18. 
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Figure 18: Bending samples nr. 9, 10, 11, 12  

 

3. CONCLUSION 
 

1. From the analysis and comparison of the 

results obtained it concludes that the 

dimensions of the stamped samples are 

between the accepted limits of the stamping 

machine tolerance TruPunch 3000. 

2. The deviations from the nominal 

benchmarks are caused by the vibrations that 

occur during the stamping process, but also 

by the tools used during this process. 

3. The high speed in changing the tools, the 

movement route of the index on high routes, 

(metal sheet has the surface 1500x3000 mm
2
) 

and the forces created during the stamping 

process that can reach up to 20 KN are factors 

that produce vibrations even if the machine is 

strongly constructed [10]. 

4. The stamping machine TruPunch 3000R is 

extremely capable and very productive, the 

transfer speed on axis Ox is 90 m/min and on 

axis Oy is 60 m/min [10]. The vibrations that 

occur during the stamping process are 

inevitable, but the usage of the tools also 

influences the quality in execution of the 

components. 

5. A negative influence in the execution of 

components using the stamping machine is 

the uneven appearance on the surfaces of the 

metal sheets due to lamination, as this has an 

uneven thickness. 

6. The bending operation produces vibrations 

in the columns of the machine to bend the 

piece between the punch and the die. If the 

parameters required for the bending operation 

are not met, these vibrations can be amplified.  

7. After the samples were bent, the deviations 

from the nominal benchmarks were 

significant. We suggest determining the 

optimal bending coefficient by using an 

algorithm, which is the subject of another 

study. 
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ABSTRACT: The bending operation of metal parts is extremely important, the quality and conformity of the product 

depending on this operation. This paper continues the studies and research on determining the drawing of the bent metal 

components. In the study were obtained the bending coefficients of metal parts of steel sheet type OL 37 with 3 mm 

thickness. The geometry of the bending tools and their dimensions represent important variables that can influence the 

conformity and quality of the products created with digital control machines. Try to find answers to the many problems 

arising in the companies due to the quality of the economic goods. Research data was obtained through tests and 

measurements. 

KEYWORDS: quality, conformity, thickness, product, digital control machines. 

 

 

1. INTRODUCTION 

 

The paper proposes laborious research and 

studies on determining the drawings of metal 

parts with 3 mm thickness, considering that 

other variables such: their usage and 

temperature variation during the processes of 

punching and bending, tool usage, the 

tolerance between the surfaces of the bending 

tools and the roughness of the sheet metals, 

the vibrations of the machines, may influence 

the quality and precision of the products.  

In the technological flow of achievement of a 

metal product, bending is very important, the 

quality and conformity of the product 

depending on this operation. Laborious 

research and studies to determine the 

optimum bending coefficient, was performed 

in two stages respectively in two different 

companies. In the first stage there were 

determined the bending coefficients Ki for 

metal parts with a thickness between 1 and 3 

mm, on the following machines with CNC: 

-Stamping machine TC 200R; 

-Bending Machine type SAFAN. 

The bending coefficients resulted after the 

tests and measurements, determined the 

extension of the research and studies on other 

machines with CN. The second stage of the 

research introduced a variety of possibilities 

used to determine the drawings of the 

components. The machines used to create the 

metal components were: 

-Stamping machine TruPunch 3000R with 

CN; 

-Bending Machine ERM 30135. 

In four ways the drawing (in plan of the metal 

parts) were calculated: 

a) Using the bending coefficient KAi resulted 

in the first stage; 

b Mathematical on neutral fiber; 

c) On neutral fiber using the coefficients KEi 

obtained from the table; 

d) By the bending machine software. 

The research requires extensive studies for 

determination of the optimum bending 

coefficient. The bending coefficient is 

determined by experimental tests and 

measurements. This bending coefficient, 

depending on the material thickness, its 

quality, bending complexity, vibration of the 

machines, their usage, the roughness of the 

sheets metal as a result of lamination process, 

the movement between the surfaces of 

punching and bending tools and other 

variables that may influence the quality and 

precision of the products. Bending 

coefficients established after experimental 

measurements will be highlighted in a table. 

 

 

 

 

mailto:netapops@yahoo.com
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2. TECHNICAL REQUIREMENTS 

 

In the early 1990s, the world economic 

system has enabled the introduction of ISO 

9000 that had a powerful impact on trade 

between countries [1]. In commercial trades, 

there was a significant leap in quantity and 

quality determining a new international 

economic order [2]. The quality of products 

and services is an important economic 

indicator. This paper tries to provide answers 

to the many problems arising in the 

companies due to the quality of the economic 

goods. The calculation of the drawing 

becomes important because it must include 

the deformation caused by the bending 

operation. Bending coefficients Kî must 

compensate for deviations from the final 

dimensions of the metal parts. Multiple 

variables that may affect the execution of 

metallic parts are not included in the software 

used for the computer aided design and 

manufacturing 3. 

2.1. Semi-manufactured cutting 

 

The optimal bending coefficient is determined 

experimentally by measurements. For this, 

very important purpose is the the calculation 

of the drawings(flat patterns). It‘s important 

because it contains also the deformations 

created during the bending process. The metal 

parts made out of metal sheet with g=3 mm 

were manufactured using the stamping 

machine TruPunch 3000R. There were 

manufactured three types of samples with a 

gradual degree of complexity and for each 

type of the drawings there were used four 

types of calculations. In Fig. 1 is represented 

the type piece― L support‖. The bending 

coefficient (Kî) obtained has been included in 

the calculation of the drawings as seen in 

Fig.2, Fig.3, Fig.4, Fig.5.

 

 

Figure 4: L Support (Sample: no.1, no.2, no.3, no.4) 

The drawing of the sample no.1 image 30-

1-L  (Fig. 2) was calculated using the 

bending coefficient resulted from the 

previous research KAî = 0.92 mm/ bending 

on 90 degree angle. 

 

mmKggL Ai 92.4992.04992.0330325 211                       (1) 

 

Figure 5: The drawing of the sample no. 1 (L Support) 
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Sample no.2 image 30-2-L (Fig. 3) has the 

drawing calculated of the neutral fiber [5]. 

mm

grggL

8295.498295.64335.457.12419)345.03(57.1

32303225)45.0(
180

90
230225 

0

0

212










 (2) 

For the drawing of the sample no.2 the 

following information was used: 

 θ= 90
0
; r = 3 mm; x = 0.45 [8]; g = 3mm 

 

Figure 6:  The drawing of the sample no.2 (L Support) 

For the sample no.3 image 30-3-L (Fig. 4) the 

drawing of the neutral fiber was calculated 

using the bending coefficient KE1 =0.69 mm/ 

bending at 90 degrees angle, depending on the 

thickness of the material g=3 mm and the 

radius of the bending punch R=2mm. 

mmKggL E 69.4969.0272269.0330325 !213                                (3)  

 

Figure 4:  The drawing of the sample no.3 (L Support) 

The drawing of the sample no.4 image 30-4-L 

(Fig. 5) was calculated by the software of the 

bending machine with CN (Numerical 

Command) [4].  

mmmmKggL soft 41.4941.0272241.0330325 214                    (4)     
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Figure 5:  The drawing of the sample no.4 (L Support) 

In Fig.6 is presented the profile of the 

component ―U Support‖. The four types of 

the samples depending on the drawing 

calculated and are described in Fig.7, Fig.8, 

Fig.9 and Fig.10. 

 

Figure 6: U Support (Sample: no.5, no.6, no.7, no.8) 

The drawing of the sample no.5 image 30-1-U 

(Fig. 7) was calculated using the bending 

coefficient KAi resulted in the first stage of the 

research KAî = 0.92 mm / bending at 90 

degrees angle. 

mm

KgggL Ai

84.7984.1223422

92.02325324032522 3215



 
 (5) 

 

Figure 7:  The drawing of the sample no.5 (U Support) 
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For the sample no. 6 image 30-2-U (Fig. 8) 

the drawing was calculated on neutral fiber 

[5]. 

mmx

grgggL

.659.79659.136635.414.366

)35.13(14.3192819)345.03(14.332253440

3225)45.0(
180

90
22254402252 

0

0

3216













(6) 

 

Figure 8:  The drawing of the sample no.6 (U Support) 

 

The drawing of the sample no.7 image 30-3-U 

(Fig. 9) was calculated according to the 

coefficient de KE1 = 0.69 mm/ bending at 90 

degree angle. 

mmmm

kgggL E

38.7938.17838.122

342269.02325324032522 33217



 
(7)

                                  
 

 
Figure 9:  The drawing of the sample no.7 (U Support) 

The drawing of the sample no.8 image 30-4-U 

(Fig. 10) was calculated by the software of the 

bending machine with C.N.C. 

 mm

kgggL soft

82.7882.0223422

41.02325324032522 3218



 

        

(8)
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Figure 10:  The drawing of the sample no.8 (U Support) 

 

The profile of the ―Z Support‖ component is 

described in Fig.11 and the drawings were 

calculated in four ways (Fig. 12, Fig. 13, Fig. 

14, Fig. 15). 

 

 

Figure 11: Z Support (Sample: no. 9, no.10, no.11, no.12) 

 

The drawing of the sample no.9 image 30-1-Z 

(Fig.12) was calculated using the bending 

coefficient KAî= 0.92mm/ bending at 90
 

degrees angle [5]. 

 

mmmm

KgggL
îA

84.7984.17884.122

342292.02325324032522 3219



 
         (9)    

 

Figure 12: The drawing of the sample no.9 (Z Support) 
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The drawing of the sample no.10 image 30-2-

Z (Fig.13) was calculated mathematical on 

neutral fiber according to the thickness of the 

material and the radius of the bending punch. 

mm

grgggL

.659.79

659.136635.414.3192819)345.03(14.3322534403225

)45.0(
180

90
22254402252 

0

0

32110













(10)    

 

Figure 13: The drawing of the sample no.10 (Z Support) 

 

The drawing of the sample no.11 image 30-3-

Z (Fig.14) was calculated in neutral fiber 

according to the bending coefficient KE3 = 

0.69 mm/ bending at 90 degrees angle. 

mmkgggL E 38.7938.17869.02325324032522 332111  
                               

(11)     

 

Figure 14: The drawing of the sample no.11 (U Support) 
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The drawing of the sample no.12 image 15-4-

Z (Fig.15) was calculated by the software of 

the bending machine with CN. 

 

mm

kgggL soft

82.7882.07882.0223422

41.02325324032522 32112



 

             

(12)     

 

Figure 15: The drawing of the sample no.12 (Z Support) 

 

The final data was centralized in table no.1. 

There are differences between the drawings 

and that increase gradually, depending on the 

complexity and the number of the bent 

component [6]. 

 

 

 

 

Table 1:  The drawings calculated using the four methods 

Sample name 

(g=3 mm) 

The drawing 

determined by 

tests and 

measurements 

KAi 

The drawing 

calculated on 

neutral fiber 

The drawing 

calculated on 

neutral fiber 

with 

coeficientul,KE3 

The drawing 

calculated by 

the software of 

the bending 

machine 

Sample no.1÷4  - L 

support 

49.92 mm  49.8295 mm   49.69 mm  49.41 mm 

Sample no.5÷8  - U 

support 

79.84 mm 79.659  mm  79.38 mm  78.82 mm 

Sample no.9÷12- Z 

support 

79.84 mm  79.659  mm   79.38 mm        78.82 mm  

 

2.2 Measuring the benchmarks of the 

samples after stamping 

 

The samples cut using the stamping machine 

TruPunch 3000R (table no. 2) were measured 

using the digital callipers Mitutoyo that has a 

precision of ± 0.01 mm. The stamping 

precision according to the specifications of 

the machine TruPunch 3000R is ± 0.1mm. 

From every type of sample five pieces were 

executed. Odds  deviations are: 
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Table 2:  The drawings calculated using the four methods 

Sample Image Nominal 

benchmar

k 

 (mm) 

Sample 

no.1 

(mm) 

Sample 

no.2 

(mm) 

Sample 

no.3 

(mm) 

Sample 

no.4 

(mm) 

Sample 

no.5 

(mm) 

Sample no.1 30-1-

L 

49.92 49,94 49.97 49.87 49.88 49.84 

Sample no.2 30-2-

L 

     

49.8295 

49.8 49.81 49.75 49.74 49.76 

Sample no.3 30-3-

L 

49.69 49.68 49.65 49.64 49.63 49.72 

Sample no.4 30-4-

L 

49.41 49.36 49.36 49.37 49.31 49.45 

Sample no.5 30-1-

U 

79.84 79.75 79.78 79.79 79.82 79.83 

Sample no.6 30-2-

U 

  79.659 7961 79.47 79.62 79.60 79.60 

Sample no.7 30-3-

U 

79.38 69.71 69.72 69.73 69.71 69.74 

Sample no.8 30-4-

U 

78.82 78.62 78.64 78.69 78.79 78.78 

Sample no.9 30-1-

Z 

79.84 79.87 79.87 79.83 79.85 79.85 

Sample 

no.10 

30-2-

Z 

  79.659 79,59 79.58 79.56 79.60 79.66 

Sample 

no.11 

30-3-

Z 

      79.38 79,40 79.36 79.34 79.37 79.41 

Sample 

no.12 

30-4-

Z 

 78.82 78.82 78.72 78.7 78.73 78.73 

2.3. Bending semi-manufactures materials 

 

The company where the research was made, 

having an important processing center 

equipped with numerical controlled machines 

and the necessary tools and devices. Fields of 

elastic and plastic deformation produced of 

the bending. The plastic and elastic 

deformation of the semi-manufactured 

material is produced only in the area near the 

bending line 7. The tools used for the 

bending process were chosen according to the 

thickness of the metal sheet, the type of 

material, and the configuration of the 

component, which positively influenced the 

quality and precision of the execution. The 

resulted benchmarks consistent with the 

execution image, depends on the experience 

and professionalism of the user. For the 

calculation of the drawing was taken into 

consideration the type of punch and die used. 

It was selected a punch with R=2mm type 

1027–60–R 2 H 67 and a die with an opening 

V=25 mm, type 3058-V25—88H120 [9]. The 

bending was done freely without calibration. 

The sequence of the bending operations used 

to create the benchmark ―L Support‖ is 

described in Fig.16. 
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Figure 16: Bending samples no. 1, 2, 3, 4  

The limits for the linear deviations are 

according to table no. 3. The components 

created were measured and the data was 

centralized in table no. 4. There were also 

calculated the deviations and the nominal 

benchmarks to choose the most optimal 

option.  

 

Table 3:  Maximum deviations to linear dimensions except countersinks 

Execution Benchmark 0.5 

mm up to 3 

mm 

Benchmark 

3mm up to 6 

mm 

Benchmark 6 

mm up to 30 

mm 

Benchmark 30 

mm up to 120 

mm 

Smooth ±0.05 ±0.05 ±0.1 ±0.15 

Medium  ±0.1 ±0.1 ±0.2 ±0.3 

Rough ±0.2 ±0.3 ±0.5 ±0.8 

Coarse - ±0.5 ±1 ±1,5 

 

Table 4:  Deviations from the nominal benchmarks  of  sample 1, 2, 3, 4 

L Support Component 

no.1 

(mm) 

Component 

no.2 

(mm) 

Component 

no.3 

(mm) 

Component 

no.4 

(mm) 

Component 

no.5 

(mm) 

Nominal 

benckmark  

(mm) 

25 30 25 30 25 30 25 30 25 30 

Sample 

no.1 24.88 30.95 24.91 30.91 25.14 30.66 25.10 30.66 25.03 30.76 

Deviations from the nominal benchmarks (mm) 

 -0.12 +0.95 -0.09 +0.91 +0.14 +0.66 +0.10 +0.66 +0.03 +0.76 

Sample 

no.2 25.08 30.57 25.07 30.62 25.11 30.59 25.08 30.52 25.07 30.58 

Deviations from the nominal benchmarks (mm) 

 +0.08 +0.57 +0.07 +0.62 +0.11 +0.59 +0.08 +0.52 +0.07 +0.58 

Sample 

no.3 25.05 30.63 25.06 30.57 25.06 30.52 25.05 30.45 25.08 30.39 

Deviations from the nominal benchmarks (mm) 

 +0.05 +0.63 +0.06 +0.57 +0.06 +0.52 +0.05 +0.45 +0.08 +0.39 

Sample 

no.4 25.03 30.20 24.99 30.21 25.01 30.36 24.99 30.29 25.03 30.27 

Deviations from the nominal benchmarks (mm) 

 +0.03 +0.20 -0.01 +0.21 +0.01 +0.36 -0.01 +0.29 +0.03 +0.27 
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For type ―U Support‖ reference points, the 

benchmarks after the bending process and the  

 

deviations from the nominal benchmarks were 

centralized in table no. 5.  

 

Table 5:  Deviations at nominal benchmarks for samples 5, 6, 7, 8 

U Support Piece 

no.1(mm) 

Piece 

no.2(mm) 

Piece no.3 

(mm) 

Piece no.4 

(mm) 

Piece no.5 

(mm) 

Nominal 

benckmark 

(mm) 

25 40 25 25 40 25 25 40 25 25 40 25 25 40 25 

Sample 

no.5 

2
5
.0

7
 

4
1
.1

6
 

2
4
.9

8
 

2
5
.0

2
 

4
1
.2

5
 

2
4
.8

8
 

2
5
.0

2
 

4
1
.2

0
 

2
4
.9

6
 

2
5
.0

1
 

4
1
.2

1
 

2
4
.9

6
 

2
4
.8

5
 

4
1
.2

1
 

2
4
.9

3
 

Deviations 

from the 

nominal 

benchmark

s 

(mm) 

+
0
.0

7
 

+
1
.1

6
 

-0
.0

2
 

+
0
.0

2
 

+
1
.2

5
 

-0
.1

2
 

+
0
.0

2
 

+
1
.2

0
 

-0
.0

4
 

+
0
.0

1
 

+
1
.2

1
 

-0
.0

4
 

-0
.1

5
 

+
1
.2

1
 

-0
.0

7
 

Sample 

no.6 

2
5
.0

1
 

4
0
.9

2
 

2
4
.9

4
 

2
4
.9

3
 

4
0
.9

3
 

2
4
.8

8
 

2
4
.8

5
 

4
1
.0

8
 

2
4
.8

1
 

2
4
.8

8
 

4
0
.9

1
 

2
4
.9

8
 

2
4
.9

7
 

4
0
.9

9
 

2
4
.9

0
 

Deviations 

from the 

nominal 

benchmark

s 

(mm) 

+
0
.0

1
 

+
0
.9

2
 

-0
.0

6
 

-0
.0

7
 

+
0
.9

3
 

-0
.1

2
 

-0
.1

5
 

+
1
.0

8
 

-0
.1

9
 

-0
.1

2
 

+
0
.9

1
 

-0
.0

2
 

-0
.0

3
 

+
0
.9

9
 

-0
.1

0
 

Sample 

no.7 

2
4
.8

9
 

4
0
.7

5
 

2
4
.9

4
 

2
4
.7

8
 

4
0
.8

9
 

2
4
.8

9
 

2
4
.9

1
 

4
0
.7

8
 

2
4
.9

4
 

2
4
.8

9
 

4
0
.9

6
 

2
4
.8

5
 

2
4
.9

6
 

4
0
.8

0
 

2
4
.9

9
 

Deviations 

from the 

nominal 

benchmark

s 

(mm) 

-0
.1

1
 

+
0
.7

5
 

-0
.0

6
 

-0
.2

2
 

+
0
.8

9
 

-0
.1

1
 

-0
.0

9
 

+
0
.7

8
 

-0
.0

6
 

-0
.1

1
 

+
0
.9

6
 

-0
.1

5
 

-0
.0

4
 

+
0
.8

0
 

-0
.0

1
 

Sample 

no.8 

2
5
.0

2
 

4
0
.0

2
 

2
4
.8

7
 

2
4
.9

7
 

4
0
.0

2
 

2
4
.9

6
 

2
5
.0

2
 

4
0
.0

7
 

2
5
.0

1
 

2
5
.0

1
 

4
0
.1

2
 

2
4
.9

3
 

2
4
.8

9
 

4
0
.0

2
 

2
4
.9

5
 

Deviations 

from the 

nominal 

benchmark

s 

(mm) 

+
0
.0

2
 

+
0
.0

2
 

-0
.1

3
 

-0
.0

3
 

+
0
.0

2
 

-0
.0

4
 

+
0
.0

2
 

+
0
.0

7
 

+
0
.0

1
 

+
0
.0

1
 

+
0
.1

2
 

-0
.0

7
 

-0
.1

1
 

+
0
.0

2
 

-0
.0

5
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The sequence of the bending operations is described in Fig.17. 

 

  

Figure 17: Bending samples nr. 5, 6, 7, 8 

The benchmarks obtained after bending the 

reference points type ―Z Support‖ were 

centralized in table no. 6. The sequence of the 

bending operations is described in Fig.18. 

 

Table 6:  Deviations at nominal benchmarks (mm) for samples 9, 10, 11, 12 

Z Support Piece 

no.1(mm) 

Piece 

no.2(mm) 

Piece no.3 

(mm) 

Piece no.4 

(mm) 

Piece no.5 

(mm) 

Nominal 

benckmark 
25 40 25 25 40 25 25 40 25 25 40 25 25 40 25 

Sample 

no.9 

24
,9

4 

41
,9

2 

24
,9

7 

25
,0

3 

41
,4

9 

24
,8

7 

25
,0

7 

41
,6

9 

25
,0

0 

25
,0

3 

41
,5

7 

25
,0

4 

24
,6

4 

41
,5

4 

25
,1

9 

Deviations 

from the 

nominal 

benchmark

s 

-0
.0

6
 

+
1
.9

2
 

-0
.0

3
 

+
0
.0

3
 

+
1
.4

9
 

-0
.1

3
 

+
0
.0

7
 

+
1
.6

9
 

0
 

+
0
.0

3
 

+
1
.5

7
 

+
0
.0

4
 

-0
.3

6
 

+
1
.5

4
 

+
0
.1

9
 

Sample 

no.10 

25
,0

4 

40
,6

9 

24
,8

1 

25
,0

1 

41
,1

1 

25
,0

5 

25
,0

3 

41
,1

7 

25
,0

5 

25
,0

1 

41
,3

0 

25
,0

1 

25
,0

6 

41
,3

7 

25
,0

7 

Deviations 

from the 

nominal 

benchmark

s 

(mm) 

+
0
.0

4
 

+
0
.6

9
 

-0
.1

9
 

+
0
.0

1
 

+
1
.1

1
 

+
0
.0

5
 

+
0
.0

3
 

+
1
.1

7
 

+
0
.0

5
 

+
0
.0

1
 

+
1
.3

0
 

+
0
.0

1
 

+
0
.0

6
 

+
1
.3

7
 

+
0
.0

7
 

Sample 

no.11 25
,0

1 

41
,1

5 

25
,0

0 

24
,9

6 

41
,0

1 

25
,0

2 

24
,8

2 

40
,8

3 

25
,0

0 

25
,0

7 

41
,1

7 

25
,0

5 

25
,0

2 

41
,2

1 

25
,0

7 
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Deviations 

from the 

nominal 

benchmark

s 
+

0
.0

1
 

+
1
.1

5
 

0
 

-0
.0

4
 

+
1
.0

1
 

+
0
.0

2
 

-0
.1

8
 

+
0
.8

3
 

0
 

+
0
.0

7
 

+
1
.1

7
 

+
0
.0

5
 

+
0
0
2
 

+
1
.2

1
 

+
0
.0

7
 

Sample 

no.12 

24
,8

4 

40
,5

7 

24
,9

5 

24
,9

7 

40
,2

8 

24
,9

3 

24
,9

1 

40
,4

0 

24
,8

9 

25
,0

1 

39
,9

3 

25
,0

2 

24
,9

7 

40
,1

9 

24
,9

6 

Deviations 

from the 

nominal 

benchmark

s 

-0
.1

6
 

+
0
.5

7
 

-0
.0

5
 

-0
.0

3
 

+
0
.2

8
 

-0
.0

7
 

-0
.0

9
 

+
0
.4

0
 

-0
.1

1
 

+
0
.0

1
 

-0
.0

7
 

+
0
.0

2
 

-0
.0

3
 

+
0
.1

9
 

-0
.0

4
 

 

The order of the bending operations can be seen in the figure 18 

  

Figure 18: Bending samples nr. 9, 10, 11, 12  

 

3. CONCLUSION 
 

1. From the analysis and comparison of the 

results obtained it concludes that the 

dimensions of the stamped samples have the 

admissible limits between the average and the 

large class.  

2. The deviations from the nominal 

benchmarks are caused by the vibrations that 

occur during the stamping process, but also 

by the tools used during this process. 

3. For the 3 mm metal sheet metal bars, the 

deviations in the dimensions are also obvious 

due to higher punching forces. 

4. The high speed in changing the tools, the 

movement route of the index on high routes, 

(metal sheet has the surface 1500x3000 mm
2
) 

and the forces created during the stamping 

process that can reach up to 20 KN are factors 

that produce vibrations even if the machine is 

strongly constructed [10]. 

5. The vibrations that occur during the 

stamping process are inevitable. The stamping 

machine TruPunch 3000R is extremely 

capable and very productive, the transfer 

speed on axis Ox is 90 m/min and on axis Oy 

is 60 m/min [10]. The usage of the tools also 

influences the quality in execution of the 

components. 

6. A negative influence in the execution of 

components using the stamping machine is 

the uneven appearance on the surfaces of the 

metal sheets due to lamination, as this has an 

uneven thickness. 

7. The bending operation produces vibrations 

in the columns of the machine to bend the 

piece between the punch and the die. If the 

parameters required for the bending operation 

are not met, these vibrations can be amplified.  

8. Dimensional deviations following the 

bending operation also sum up the deviations 

resulting from stamping. 
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9. After the samples were bent, the deviations 

from the nominal benchmarks were 

significant. We suggest determining the 

optimal bending coefficient by using an 

algorithm, which is the subject of another 

study. 
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ABSTRACT: The paper aims at grouping the main aspects that are conducive to the realization of a rationally 

organized workplace with concrete elements regarding the health and safety at work, as well as the prevention of 

risks in the building shops using the lifting equipment from the ISCIR field. Also, in the paper there is analyzed a 

number of aspects related to the analysis and prevention of risks in the field of trading of building materials, as 

well as the main actions to be undertaken for the individual protection of the working personnel. At the same 

time, the causes and circumstances in which work accidents occurred in this field were established.  
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INTRODUCTION 
      

The construction materials sector can be 

considered one of the most dynamic sectors of 

the national economy, being one of the main 

engines that determines the rapid development 

of other sectors of activity such as 

infrastructure, indutrial works etc. 

Building materials represent an almost 

continuous growing sector of activity and this 

confirms the presence on the national market 

of several foreign companies interested in 

investing in Romania other than ones with 

romanian capital, including the suppliers of 

building materials in the Retail and DIY 

category from Germany, Austria, Switzerland, 

France, Italy, Spain etc. 

   In view of this rapid development of the 

construction materials sector, work processes 

in this field must be carried out with a rational 

organization of jobs. All this is required by the 

presence at the work places of high-skill 

means of work that have a decisive role in the 

working processes (eg an eletrostivuitor, an 

electric wagon tram, etc.) [1]. 

Due to the complexity of the activities 

carried out in the field of construction 

materials in the conditions of ensuring the 

safety and health of the workers, it is 

necessary to analyze the following aspects: 

endowment of the work place, equipment 

placement, power supply, maintenance of the 

equipment in operation, displacement, 

availability of machines. 

Also, to ensure a high level of 

productivity, it also has a high performance 

equipment or a complex mechanization. Thus, 

the endowment analysis should be done taking 

into account: 

- the nature of the operations performed 

at each workplace; 

- the volume of work to be done; 

- the costs involved in the complex 

provision of workplaces; 

- operating and maintenance costs. 

In order to be able to analyze the working 

conditions, there should be carried out an 

analysis that refers to [2]: 

- the economical and organized use of 

the workspace; 

- existence of space for maintenance and 

repairs; 

- providing space required by work 

safety, ISCIR norms etc.; 

- convenient and safe operation of the 

work process (visibility, for those who 

handle them, maneuvering space); 

- power supply must be provided with 

appropriate sources both in terms of 

quality (voltage, fuel) and quantity 

(power, mass) 

       Also, adequate maintenance measures are 

required to ensure proper maintenance [3]: 

- establishment of the operations, 
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personnel and materials necessary for 

the maintenance activity; 

- the existence of qualified and 

specialized personnel for technical 

revisions, planned and accidental 

repairs; 

- establishing a system for coordinating 

activities between those who use the 

means and those who maintain or 

repair them (planning revisions, 

repairs, issuing orders, setting fixed 

assets and expenses, etc.). 

     In order to ensure good performance in the 

use of movable equipment: forklifts, electric 

pallet trucks, self-propelled platforms, etc. the 

following are required: 

- choosing routes without danger and 

shorter routes (economic); 

- properly marking tracks and work 

areas with these machines. 

It is also necessary to use, in operation, 

performance machines that have to meet the 

following conditions: 

- ensuring a certain availability (planned 

and accidental stops within certain 

limits); 

- ensuring an ergonomic climate for the 

staff who serves the machine or the 

machine, but also for which are in the 

working area (level of noxiousness, 

noise etc.). 

 

 

ANALYSIS AND PREVENTION OF 

RISKS 

 

Risk analysis 

Risks are specific to each type of craft 

and activity, given that to these are specific to 

certain tools, devices, devices (often called 

low-mechanization means). 

The provision of tools, devices, 

appliances is an important element of the 

analysis because the practice demonstrates 

numerous deviations from an adequate 

endowment for the operations to be performed 

(lack of tools / devices and the application of 

improvised working methods, moral or 

physical used endowment. Tools can be 

individuals and stored for every employee or 

common tools that are used by the whole team. 

These tools for their easy use under no risk of 

accidents conditions must be free from wear 

and tear or defects [4]. 

Also, an analysis is required regarding the 

proper supply of the workplace, which 

presupposes: 

- determining the specification of 

assortments needed for supply; 

- setting quantities for each assortment; 

- identification of supply moments for 

economic and supply considerations; 

- establishment of lifting and transport 

means 

- use of accessories: vats, containers, 

pallets etc; 

- rational use of workspaces; 

- minimum number of manipulations; 

- relocating the workplace, respectively 

disposing of unused products and 

generated waste. 

Also, the workforce must be regarded as 

the total physical and intellectual capabilities 

of the performers. Such a proper analysis of 

labor force should include the following [5]: 

- the number of workers and the 

structure on the crafts determined on 

the basis of the regular labor 

consumption, the length of time for the 

work, the working space and the 

procedures used; 

- the level of qualification of the 

contractors, which must be correlated 

with the complexity of the works to be 

performed; 

- the physical and mental capacity of 

labor - in this respect the physical 

effort, the physical capacity of the 

performers and the psychic 

particularities imposed by certain 

works at the height or in narrow spaces 

with a high degree of danger must be 

correlated. 

- establishment of the work tasks for 

each contractor resulting from the job 

description or well-established working 

procedures. 

The general analysis of the workplace must 

be completed with those general conditions 

that can lead to the achievement of works with 
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better or worse productivity. These general 

conditions refer to: 

- physical ambiance factors: lighting, 

microclimate (temperature humidity 

etc) noise meteorological factors etc .; 

- psychiatric factors: color, music, work 

climate; 

- hygienic-sanitary factors: the 

conditions for changing the outfit 

(street-work) for serving the table, 

body hygiene, sanitary groups etc; 

- risk factors: the analysis of the risks 

that may arise in the execution of the 

work specific to the workplace must 

lead to the measures necessary to pre-

empt possible labor accidents; 

 

Risk prevention 

            

        Workplace health and safety methods 

have emerged from the moment when 

mankind started producing, namely, 

transforming environmental elements to ensure 

his existence. 

        The solutions found to protect the worker 

have always been linked to increasing the 

productivity of his work. 

        Nowadays, safety and health at work in 

the world are a state problem, there are state 

bodies for control and guidance of preventive 

activity, employers' obligation to ensure the 

health of workers is also established. There is 

is foreseen extending the law on occupational 

safety and health to other social categories 

such as self-employed and domestic staff [6]. 

        Effective action to minimize risk 

minimization can only take place if the 

intimate mechanism of interaction of factors in 

the work process and the performer is 

deciphered. 

       The maintenance and maintenance of 

work equipment on time prevents the 

occurrence of work accidents. 

Knowing that the dysfunctions within the 

work system at the level of the four 

components (executor, work load, means of 

production, work environment) have a 

negative action on the performer, causing 

professional accidents and illnesses, the 

problem of prevention of their production is 

reduced to identifying hazards and risk factors 

and eliminating, as far as possible. 

Not always to a risk factor corresponds a 

prevention measure, but it is possible that a 

risk factor may be eliminated or diminished by 

several prevention measures, or by a single 

prevention measure, to eliminate more risk 

factors, which may belong to one or more 

components of the work system. 

Prevention, which ensures human security 

in the work process, can be achieved only by 

taking into account the relation between the 

risk factors and the prevention measures. Risk 

minimization can only be achieved by 

applying appropriate occupational safety 

measures. 

Labor safety measures, also called 

measures to prevent injury and occupational 

disease, are technical, organizational, 

hygienic-sanitary methods. Achieving human 

security in the work process by eliminating or 

avoiding the reduction of risk factors on the 

human body. 

Risk prevention measures are barriers that 

isolate the undesirable event, and risk 

protection measures are security barriers that 

isolate the undesirable event from its effects. 

Risk prevention measures are security 

barriers whose application eliminates risk 

factors in the work system or causal substrate 

factors, while risk protection measures are 

security barriers that prevent or diminish the 

action of factors risk present in the work 

system, on the human body. 

Measures to prevent accidents and/or 

occupational illnesses or work protection 

measures by their nature may be:  

- organizational measures that target the 

human factor (executor and work load); 

- technical measures, which relate in 

particular to the material factor (means of 

production and the working environment). 

Organizational measures to prevent 

occupational accidents and/or occupational 

diseases are: medical examination, 

psychological examination, staff training, SSM 

propaganda, workplace organization. 

The technical measures are those that are 

done: the intrusive protection, from the design 

stage, when designing the material elements 
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(the means of production and the working 

environment); collective protection, which 

mainly refers to interventions on the working 

environment, which seeks to isolate the 

performers from the harmful factors and to 

prevent the direct or indirect contact between 

the dangerous element and the person; 

individual protection, which refers to the 

isolation of man, with individual means of 

production by the risk factor, thus eliminating 

or diminishing its action on the human body. 

Intrinsic and collective protection is a 

priority in prevention actions against 

individual protection. Very often, through 

intrusive or collective protection measures, 

individual protection is achieved, but it is not 

always possible. 

The most effective protection against the 

performer is intrusive protection, but even 

more costly. Sometimes it is not cost-effective 

and efficient to obtain zero risk by measures 

taken at design, conception, execution, and 

sometimes it is not technically possible to 

achieve this. The presence of the performer, 

with unpredictable behavior in the work 

system, causes accidents to occur no matter 

how technically improved would be the means 

of production and the technologies used. 

Only the complete replacement of the 

human performer by automation and 

robotization would make perfect use of 

intrusive protection by eliminating accidents 

because it would remove man from the process 

of work. And this is technically limited, 

because it is not possible at present that all 

supervision and all decisions in the process of 

labor belongs to the artificial systems, so the 

presence of man can not be totally eliminated, 

and as long as this exists in the system of work 

there will be some residual risk. 

Residual risks, in the case of automation 

and advanced robotics, relate to the risk of 

contact between man-machine collision. 

 

INDIVIDUAL PROTECTION OF WORK 

PERSONNEL 

 

In order to avoid the risks that can not be 

eliminated by intrusive and collective 

protective measures it is necessary to equip the 

workers with individual protective equipment. 

The individual protection consists in equipping 

the personnel with individual protection means 

(MIP). The totality of the individual protective 

means with which the worker is equipped 

during work is the individual protective 

equipment (EIP). Personal protective 

equipment interposed between the body and 

environment and/or work equipment (EM), 

diminishing or eliminating the action of 

accidental causes. 

Individual protection is complementary to 

intrusive and collective protection measures. 

EIP does not remove or prevent the noxes or 

sources of accidents due to existing production 

means, but only constitutes security barriers 

that protect their personnel from interference 

between their unwanted events and their 

effects. EIP must have two functions, be 

effective from the point of view of labor 

protection and ensure the worker's comfort in 

the workplace, things that are done by the 

nature of the material used and the model 

achieved. EIP to ensure effective protection 

are subject to laboratory testing, where real 

working conditions occur. They must comply 

with norms and standards and must be 

accompanied by certificates of conformity. 

In order to ensure adequate individual 

protection, workers must adopt a preventive 

attitude and behavior, require employers to 

protect collectively and, where appropriate, 

individually, engage in the implementation of 

preventive and protective measures and 

acquire, through training, the best practices. 

Employers must be aware of the 

obligations they have under the legal 

requirements to protect the life, health and 

integrity of workers. 

Only joint efforts of the parts interested in 

the insurance of safe and healthy workplaces 

can guarantee the achievement of the 

objectives of preventing occupational 

accidents and diseases and strengthening a 

genuine culture of prevention. 

The statistics show that the most common 

accidents at work occur in circumstances 

pertaining to: 
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- gripping, hitting or crushing with 

machines, tools, transport units, various 

objects; 

- drop from height and at the same level; 

- fall, collapse or object design. 

Causes leading to injury often depend on: 

- performer - from 50% to 83% of 

injuries; 

- workload - from 5% to 33% of injuries; 

- means of production - from 4% to 11% 

of injuries; 

- work environment - from 3% to 8% of 

injuries. 

The causes and circumstances in which 

the work accidents have occurred are due to 

deficiencies in knowledge and ability to 

organize work processes, to establish, 

formulate and execute non-dangerous work 

tasks. 

 

CONCLUSIONS 

 

 Activities carried out in the intended 

spaces for the marketing of building materials 

generate a number of risks related to the health 

and safety of the workforce. In this respect, it 

is necessary to take a number of measures to 

reduce these risks, namely: 

- designing new cargo handling systems in 

building materials stores; 

- adoption of new techniques for 

presentation of goods; 

- controlled storage of goods with the 

imposition of different storage systems 

depending on the characteristics of the 

products; 

- imposing additional labor protection 

measures especially in those sectors where 

products which are containing substances that 

have a negative effect on the health of workers 

are being marketed; 

- adopting additional measures to 

eliminate as far as possible all causes that 

cause work accidents or the occurrence of 

occupational diseases.  
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