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Abstract.  The paper is a summarizing the validation stage of the strain gauges based remote 

measurements in bucket wheel lattice structures. The validation process is required when 

multiple and synchronized measurements are required in harsh environment. The authors 

propose virtual models with specific interaction facilities demanded in dynamic measurement 

systems (like FFT parameterization). The provided data from the remote measurement system 
(8 heads, discrete values) are processed in time and frequency for completing the range of 

values, for data synchronization for realistic strain distribution for proposed lattice structures. 

The proposed validation method is also acting for cleaning the inter-channel influences in 

measurements. 

1.  Introduction 

The specific strength cutting of coal and of surface rocks, from the mine quarries, varies to great 

values in the mining field. For this reason, the splintering forces on the cutting teeth also have 
significant variations in the different mining fields. The size and direction of the forces from the 

cutting teeth also depends on the geometry of the teeth, their place and the direction of mounting in the 

bucket of the bucketed wheel [1,3]. 
Due to the complexity of the excavation process and of cinematic of the cutting tool, the accurately 

determination of the forces in the cutting teeth can be realized only through an experimental method in 

situ, reason for which it has been searched to conceive and to realize dynamometric teeth identical to 

the regular cutting teeth, which to provide a dynamometric bucket, and an electronic installation for 
measuring data into locations established previously and suited for it. 

Because the measured information and recorded is represented by the specific displacements from 

the applying points of the SG onto the teeth, the relations between them and the components of the 
resulting points have been established for each tooth (normal, lateral, tangent) [8,9]. 

 

http://creativecommons.org/licenses/by/3.0
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a)     b) 

Figure 1. Bucket wheel excavator tooth: a) The tooth with the places where the strain gage will be 

placed, b) The tooth with soldered strain gage. 

 
Due to the complexity of the excavation process and of cinematic of the cutting tool, the accurately 

determination of the forces in the cutting teeth can be realized only through an experimental method in 

situ, reason for which it has been searched to conceive and to realize dynamometric teeth identical to 
the regular cutting teeth, which to provide a dynamometric bucket, and an electronic installation for 

measuring data into locations established previously and suited for it [1,3,7]. 

2.  Bucket wheel excavator stress intensity factor  
The specific strength cutting of coal and of surface rocks, from the mine quarries, varies to great 

values in the mining field. For this reason, the splintering forces on the cutting teeth also have 

significant variations in the different mining fields. The size and direction of the forces from the 

cutting teeth also depends on the geometry of the teeth, their place and the direction of mounting in the 
bucket of the bucketed wheel [2,5]. 

2.1.  Stress intensity factor considerations 

To establish the program to gather and modify the data obtained from the measurements it is necessary 
to establish the relations between the forces Fx1, Fy1, Fz1 with random values, which act onto the 

dynamometric tooth in the splintering process, his geometrical parameters and the specific linear 

displacements. A crack intensity factor is referring to three different types of loading that cause 
displacements of the crack plane, tends to open the crack. The approach I is valid when the force is 

applied normal to the crack plane (tends to open the crack). The approach II refers to in-plane shear 

and causes the two crack surface to slide against each other. The approach III is valid when out-of-

plane shear is applied and tends to tear the two crack surface apart.   
 

First approach:  
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Second approach:  
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This last approach of deformation called out-of-plane shear mode, does not occur in the plane 

elastic problem. The stress intensity factors for all three types of approaches are denoted as K1, K2 and 

K3. 

The parameters τxy = τyz = 0 for plane stress and plane strain. The parameters σz = 0 for plane stress 

and σz = (σx + σy) for plane strain [4].      
 

Third approach:  
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Figure 2. Deformation of the crack for bucket wheel excavator tooth. 
 

 

Figure 3. Dynamometric bucket mounted onto 

RS 1300 type excavators. 



4

1234567890

International Conference on Innovative Research — ICIR EUROINVENT 2017  IOP Publishing

IOP Conf. Series: Materials Science and Engineering 209 (2017) 012066 doi:10.1088/1757-899X/209/1/012066

 

 
 

According to figure 3 the specific deformations the forces Fx1, Fy1, Fz1, applied to the center of the 

edge of the tooth and the geometrical characteristics of the section, the following relations are obtained 

[6,8]: 
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From the solving of the equations system it yields: 
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 With these values the upper relations become: 
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 It is specified that between the forces Fx1 Fy1 Fz1 and the forces on the tooth resulted from the 
cinematic of the working tool, the forces Fx, Fy (tangent and normal to the trajectory resulted from the 

rotating movement of the bucketed wheel) and Fz (resulted from the horizontal tipping of the bucketed 

wheel by the excavator arm for cutting radial) there are the following relations: 



5

1234567890

International Conference on Innovative Research — ICIR EUROINVENT 2017  IOP Publishing

IOP Conf. Series: Materials Science and Engineering 209 (2017) 012066 doi:10.1088/1757-899X/209/1/012066

 

 
 



















zz

yxy

xyx

FF

FFF

FFF

1

1

1

5238

3852





coscos

sinsin

                                                       (7) 

2.1.1.  Hardware implementation 

The bucket wheel excavator lattice structure internal stress is measured with the developed 

programmable system.  
 

 

Figure 4. Remote measurements system for investigation of bucket wheel excavator. 

 

 

Figure 5. Testing measuring module based on Teensy microcontroller. 
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The nRF24L01 module is an RF module that works on the 2,4 GHz band and is perfect for wireless 

communication in a industrial application because it will penetrate even thick concrete walls. The 

nRF24L01 has a function to automatically check if the transmitted data is received at the other end. 

There are a couple of different versions of the NRF-family chips and they all seem to work in a similar 
way. These modules has an impressive range, with some versions that manages up to 1000 m (free 

sight) communication and up to 2000 m with a bi-quad antenna. 

2.1.2.  Software implementation 
To start working with the Teensy, all you need to do is plug in your USB cable to your computer and 

your Teensy board. There are two options for programming the Teensy boards - your favorite C 

compiler or the Arduino IDE. 
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Monitoring and processing system of mechanical effort with high performance microcontroller is 
done with the aid of weight sensors which are connected to a data acquisition board .The objective of 

this project is to create an smart electronic weighing system programmed by MC, this device has 
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capacity to specify the measured weight, weight differences over time and weight thresholds. Data 

taken from these input devices will be transmitted with an antenna, via wireless, can be stored on a 

card or can be read directly. Weighing sensors or tensometric stamps reprocessed by an HX711 

instrumentation module. In the case of the weight sensor reading module this must be programmed, 
programming is done on Serial and can be done with an Arduino programmed as a programmer. 

3.  Results and discussions  

The virtual mechanical strain bridge instrument consists on the Data acquisition module presented 
previously, connected to the Personal computer, the needed software for hardware functioning 

(Windows XP and the application strain bridge instrument program, developed with Keysight VEE 

Pro  software). 

 
Figure 6. Measuring module configuration. 

 

 

Figure 7. The graphical panel of the virtual mechanical stress measurements. 
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The software solution for the virtual bridge instrument was developed using the Visual 

Programming Environment for Data Acquisition, HP VEE and Matlab Script, Hewlett Packard . 

Using the MatlabScript software, each bridge equation was specifically expressed and a graphical 

program was developed (figure 7). The main instruments are the acquisition data where the values 
from the measuring module. 

Using the magnitude spectrum graphical instrument the frequency of the signals are displayed (like 

FFT parameterization). 
 

  

Figure 8. Spectral FFR analysis. 
 

Based on the results of such measurements performed by the statistical processing, the relevant 
characteristics have led to the mechanical cutting of lignite. 

4.  Conclusions  

The results of research performed regarding the cutting tools of the bucket wheel excavators; in order 
to reduce the energy consumption and the teeth wear during the lignite and overburden rock are 

presented. 

On the basis of the methodology of analytical determination of force and energetic characteristics, 

starting from the results of experimental results in laboratory and taking into account the technical 
characteristics of the excavators 

It has also been established that the dynamometric tooth to have the same geometrical parameters 

and to work in the same conditions as the real teeth. Following the analysis of the bucketed wheels and 
the way that the teeth is fixed into the holders it has resulted that the strain gage should be placed onto 

the tail of the tooth, in the free area between the tooth’s shoulder and it’s holder, in places covered 

with metallic plates to protect from mechanical hits, and environmental factors. 
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