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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].
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a)

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 Fyi, Fyi, F,; 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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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 K, K, and
K.

The parameters Ty, = Ty, = 0 for plane stress and plane strain. The parameters o, = 0 for plane stress
and o, = (o + o) for plane strain [4].

Third approach:

Km sing
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Figure 3. Dynamometric bucket mounted onto
RS 1300 type excavators.
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According to figure 3 the specific deformations the forces Fy, Fyi, F,i, 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:
Fyq = 3020-10%(—39,4584¢ + 39,6684, —35,21¢3)
Fy1 = 5683-10*(8,76685; +1,2396¢, —1,3072¢3) (6)
F, = 6109-10%(g — &, )
It is specified that between the forces F\; F,; F.; and the forces on the tooth resulted from the
cinematic of the working tool, the forces F\, F) (tangent and normal to the trajectory resulted from the

rotating movement of the bucketed wheel) and F; (resulted from the horizontal tipping of the bucketed
wheel by the excavator arm for cutting radial) there are the following relations:
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Fy1 = —Fy sin52° + F, sin 38°
Fy1 = Fy cos 38° + Fy cos 52° (7)
Fan=F

2.1.1. Hardware implementation
The bucket wheel excavator lattice structure internal stress is measured with the developed

programmable system.

Fy

Fx
HPVEE
virtual
instrumentation

\\Wireless 24
. GHz

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.

#include <SPI.h:
#include <5D.h
#include "EFzZd.h™
#include "HXT11.h"
#include<iire, h»

File datafile; Jicreating the file for 3Dcard
RFz4 radio(Z, 10);: déinitializing nRF24

byte addresses[][6] = {"0"};

#define can 10 //nRF2d -—» can struct pachet //creating data package
#define c3 6 AfmicroSD --> o= {

const int MPU_addr=0x65; int nr_ert = 1;

#FHAT1L scale (DT, 5CK); Jipinout example

int TL = 0:
int T2 = 0;
Hx711 scalel (&5, 43); A4 #1 DT-->&8 ACKE--> A% parameter int TS = 0:
H¥711 =calez (L0, L1): A4 #2 DT-->&0 GACK--» Al parameter int T4 = 0:
Hx711 =cale3 (3, 4): A4 #3 DT-->3 SCE--» 4 parameter '
Hx711 =caled(ihn, L7): A/ #4 DT--»>&6 3CK--> A7 parameter intlé t AoX=0:
intlé_t AcY=0;
int nr_cre=1; intlé t© AcZ=0;
int Tl = 0; A4Tl= data from <711 #1 intlé t GyX=0;
int TZ = 0: A#T2= data from Hx711 #2 intlé t Gy¥=0;
int T3 = 0; F#T3= data from H{711l #3 intlé t GyZ=0;
int T4 = 0; //Td4= data from HX711 #4
intlé_t Temp=0:
intle © AcX=0; Jichar text[200]="enpty";
intlé_t AcY=0; char text[200] = "NE_crtyt TL,vt T2, NG T3, Nt

intle t AcZ=0;

b
intlé_t Gyk=0;

intlé_t GyY=0; typedef struct pachet Pachet;
intlé_t GyZ=0; Pachet data;
wold setup ()

{

pintMode (cs, OQUTFUT)
pinMode (csn, OUTPUT) :
pirMode (2, OUTPUT):

Wire.begin();

WMire.heginTransnission (MPU_addr) ;
Wire.write(0x6B); /¢ PWRE_MGMT_ 1 register
Wire.write(0);
Wire.endTransnission(true) ;

Serial.begin(9600)
Serial.print("CLEARDATA™) ;
Serial.println("LABEL, WR_crt,Tl,T2,T3,Td,Ack,AcY  AcE, Gyr, GyY, 6y, Tenpy nicras™):
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wold setup ()

{

pinMode ({cs, OUTPUT);
pinMode {can, OUTPUT)
pinMode (2, OOTPUT):

Wire.begini) ;

Mire.beginTransmission (MPU_addr) ;
Wire.write (Ox6B); /7 PUR_MGMT 1 register
Wire.write (0] ;
Wire.endTratsmissionitrue) ;

Serial.begin(2600) ;
Serial.print("CLEARDATA™) 2
Serial.println("LABEL, NE_crt,T1,T2,T3,T4,hox, AcY Lol , Gy, GyT, Gy, Tenp micras™) ;

Serial.println("INITIALIZING 3D+ CARD..."): AA/Verifing SDcard
delay(300);
if [(!SD.beginics))

Serial.println('3D CARD NOT DETECTED :(™):

elze
Serial.println(™SD CARD FEADY FOR WRITING :)7);

datafile = 5D.open(“data.cav’™, FILE_TEITE) fAéwriting data file to SDcard

wvolid loop()
{
Wire.beginTransmission (MPU_addr) :
Wire.write(0x3E); // starting with register 0x3E (ACCEL XOTT_H)
Wire.endTransmission(false);
Wire.requestFrom (MPU_adde, 14, true); /F regquest a total of 14 registers

Ac¥=Wire.read()<«8|Wire.read(); s/ 0x3E (LCCEL_XOUT _H) & 0Ox3C (ACCEL XOUT_L)
AcY=Wire.read()<<«8|Wire.read(),; s/ 0x3D (LCCEL_Y¥OUT H) & Ox3E (ACCEL_YOUT_L)
AcZ=Mire.read()«<<8|Wire.read() S/ 0x3F (LCCEL_ZO0UT _H) & Ox40 (ACCEL_Z00UT_L)
Tap=Tire.read(j<<8|Wire.read() s/ Oxdl (TEMP_OUT _H) & 0Ox42 (TEMP_OTT_L)
Gyx=lire.read()<<8|Wire.read(); // 0xd3 (GYRO_XOUT_H) & 0Ox4d (GYRO_XOUT_L)
Gy¥=Wire.read()<<8|Mire.read{}); // O0x45 (GYRO_¥OUT H) & Ox46 [(GYRO_YOUT_L)
GyZ=Wire.read()<<3|Wicte.ceadi),; s/ 0«47 (GYRO_Z0UT_H) & 0x43 (GYRO_ZO0UT L)

Tenp=Tnp /340, 00+36. 53; Sifequation for tCemperature in degrees C from datasheet

Tl=scalel.get_units(10):
TZ=scaleZ.get_units(10):
T3=acalel.get_units(10);
Td=zcaled.get_units(10) ;

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).
START

E9)

LIntil Break

—|  Tensy_stress {@.-QSHLE::INSTHJ =]

READ TERT x 5TR
= Double-Click to Add Transaction = w |

Figure 6. Measuring module configuration.

START | AcX | Aquisition Data
| L G ag 5 =Liuas, Iranl, =L113E, Wy =104, l;:‘
-3 13838, 18352, 17019, 17393, -17165, 556, -136, 15
Ternperature | 13839, 18328, -17015, 17451, -17181, 528, -192, 153
2360 13840, 18380, -17061, 17380, -17143, 576, -160, 158
AcY 13841, 18342, 17009, 17382, -17239, 704, 218, 158
5 13842, 18430, -17048, 17430, -17247, 616, 126,
1 13843, 18398, -17055, 17459, -17334, 592, -za4,
- - 13844, 18435, 17143, 17520, -17253, 580, -180,
13845, 18412, -17058, 17437, -17481, 684, 260,
13846, 19013, -17617, 17971, -387L1, 604, 216,
15 AcZ 13847, 18162, -17396, 18220, -18078, 668, -a8,
s 13848, 19205, -17788, 18123, “17992, 488, -100,
P o -1 13849, 19144, -17737, 18111, -17392, 568, -136,
13850, 1904z, -20352, 13400, -23678, 560, -128,
ases 13851, 005, -36303, 4782, 20759, 544, -228,
T t 13852, 8168, 228728, —48660, -17415, 540, -180,
£15E) 5 B w5 emperature 13853, 18384, -34146, -17032, —z0973, 620, -184,
13854, -10086, -111148, 16934, -17023, 540, -244,
Step Size: 1 Tirme Ll ‘
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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).

= Mixed Signal Input = = Magnitude Spectrum =
GO0

Signal fag

Trace Input
=il

Tirmne Freg

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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