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Abstract 

 

This article presents a new testing method allowing for expeditious 
recognising of the condition of elements of the entire shaft and selecting the 
most worn-out elements, which can be subsequently subject to more detailed 
examination. The essence of this method is examining the dynamic properties of 
a structure with the application of pulse test that involves exciting vibrations in 
the structure and measuring excitation response. 

Introduction 

The evaluation of pit-shaft reinforcement commonly applied in mining 
practice basically involves measuring the thickness of element walls at the 
places selected by the user and comparing the results with the admissible values. 
Selecting these spots is completely subjective and does not always correspond 
with the weakest shaft segments as regards material strength. This results in that 
method being burdened with an inherent, difficult to evaluate, error. 

The inference reliability can be enhanced by increasing the density of 
measurement points. However, for technical and economical reasons, it is not 
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possible to carry out examinations of each single reinforcement element. These 
limitations inclined the staff at Mechanics and Vibroacoustic Department in 
M&M Academy to develop a method allowing the execution of diagnostic tests 
throughout the entire shaft depth in one single vessel drive from hoist to shaft 
sump and, based on these tests, to carry out the technical-condition evaluation of 
the whole system of guiding rails or shaft girders. This method also provides the 
selection of elements requiring detailed examinations or replacement. The 
proposed method makes allowance for structure dynamics and is based on the 
observation of reinforcement reacting to vibration excitation. The response for 
excitation provides information about the dynamic state of reinforcement, 
especially its rigidity as a parameter determining safe operation. 

 
1. Pulse test method in examining steel construction 

New evaluation of structure condition is based on determining frequency 
characteristics with the application of pulse excitation [1]. On the account of the 
non-stationary character of measuring signals determining diagnostic estimates, 
allowing for inference on technical condition of the examined structure, requires 
information processing in two domains simultaneously: time and frequency 
domain. [1,  2] according to formula [3]: 
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where: ),(~̂ ωasΨ

 – wavelet-Fourier spectrum,  s(t) – measuring signal,  

Ψ – analyzing function, a – transformation scale parameter,  
b – displacement parameter  

 
Thanks to the implementation of transformation (1), it is possible to 

observe changes of the damped vibration signal and its spectrum as a structure 
response for an excitation. Such an approach enables filtering-out interference 
and determining a signal component corresponding to wear extent in the 
examined structure [2, 4, 5]. 

For the developed method, function estimates and point estimates have been 
determined based on the picture of signal-response for vibrations in the wavelet-
Fourier domain. These estimates are the measures of structure-condition 
evaluation. Function estimates rely on Fourier spectrum calculated for signal’s 
time component carrying the main part of vibration energy. 
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where: ),(~̂
max ωasΨ - spectrum of signal’s time component carrying main part of 

vibration energy, ),(~
max tas  – time component of wavelet transform for 

amax, scale adequate to signal energy maximum.  
 

Point estimates are calculated as the effective value of the vibration signal 
filtered by means of wavelet analysis and as parameters of signal energy 
distribution. 

2.  Measurement system for haft reinforcement testing 

Testing shaft reinforcement by the new method is carried out by means of a 
diagnostic system composed of two components: portable and stationary. The 
portable part, applied for carrying-out the tests in the actual shaft, is made up of 
a digital recorder, equipped with the excitation- and response-signal 
conditioning system, and a pulse exciter with a built-in force sensor. 

The stationary part of the diagnostic system, allowing for the analysis of 
data recorded by the recording device results on the mine surface, consists of a 
PC class computer with a calculating module included, applying wavelet 
algorithms for signal processing. 

The diagram of measurement track along with signal analysis is enclosed in 
Fig.1. 

 

 
 

Fig. 1. Diagram of the system of acquisition and diagnostic-signal analysis of shaft reinforcement 
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3. Results and discussion 

New method of shaft reinforcement testing was applied for shaft 
reinforcement examinations of one of the shafts at Copper Mining & Metallurgy 
Complex „Polska Miedź” in Polkowice. The evaluation objects were shaft-
guiding rails of close cross-section, made of coupled C140 channel bars propped 
by girders at each 3 m distances. The examined shaft was an intake two-
compartment shaft, with two skip-devices built-in by means of frontal rigid steel 
guiding. Load capacity of a lift vessel was 30 Mg, and the vessel in the mining 
cycle travels through the shaft at the speed of 20 m/s. The hoisting device 
mounted in the shaft tower is powered by Koepe 4L-5500 machine with 2x3600 
kW engines for each of the mining shaft compartments. 

For purposes of comparison, apart from measurements of dynamic 
properties of tested guiding rails, measurements of rail-wall thickness were 
carried out by means of an ultrasonic thickness-meter, Krautkramer DMS 2TC 
type (Fig. 2). 

 
 

 
Fig. 2.  Diagram of measurement track for haft reinforcement tests with the application of pulse 

test and wavelet signal processing 
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Figures 3–5 present the results of wavelet processing for signals obtained 
from two different states of wear in the steel structure. Fig. 3 presents the 
recorded signal of response to pulse excitation for the structure in good 
technical condition, with the wall thickness of the guiding rail of g = 8,1mm, 
and its wavelet transform. 

Fig. 4 is similar, but for worn-out structure of wall thickness of g = 6,1 mm. 
Calculated wavelet coefficients for individual signals recorded during the 

tests were subject to further processing according to formula (2), and 
subsequently, based on energy distribution resulted in frequency-scale 
coordinates, the areas of enhanced energy contained in the signal were 
determined. Knowledge of the energy distribution allows for determining the 
scale range ag of wavelet transform adequate for function estimates describing 
the wear state of the tested guiding rail. This in turn allows performing the 
reverse wavelet transform for scale ag and to isolate the component responsible 
for wear out of the signal. 

For the purpose of comparing different states of guiding rails estimates can 
be determined in the form of the Fourier spectrum of filtered-out signal 
component. 

Fig. 5 presents filtered wavelet-Fourier spectra for two examined guiding 
rails. 

 

 
Fig. 3.  Signal-processing results for guiding rail in a good technical state (wall thickness 

g = 8.1mm): a) response for pulse excitation,  b) wavelet transform of response signal 

 
a) 

b) 
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Fig. 4.  Signal processing results for worn guiding rail with wall thickness of g = 6.1mm: 

a) response for pulse excitation, b) wavelet transform of response signal 
  

 

 
Fig. 5.  Wavelet-Fourier spectra for guiding-rails in various technical states –FFT spectrum of 

measurement signals for: a) worn guiding rail (g = 6.1 mm), b) good guiding rail  
(g = 8.1 mm), c)  worn guiding rail (g = 6.1 mm), d)  good guiding rail (g = 8.1 mm) 

a) 

b) 

a)        b)  

b)        c)  
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Conclusions 

The method of evaluation of wear-state of shaft reinforcement presented in 
the article is relatively simple to carry out, and its primary advantage merit is 
that it does not require special procedures and preparations of tested structures. 
In the application of ultrasonic methods, these preparations constitute a serious 
limitation. Measurements of the structure response for vibration excitation 
provide information about the behaviour of tested element in dynamic 
excitations conditions, which is unattainable by any of the shaft-reinforcement 
testing methods applied so far. Preliminary research proved the usefulness of the 
implied methodology, which is presently being improved. 
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Nowa metoda oceny stanu zbrojenia szybowego kopalni  
z wykorzystaniem testu impulsowego 
 

Słowa kluczowe 

Zbrojenie szybowe kopalni, test impulsowy, stan konstrukcji. 

Streszczenie 

W artykule przedstawiono nową metodę badań zezwalającą w bardzo 
krótkim czasie na rozpoznanie stanu elementów całego szybu i wytypowanie 
najbardziej zużytych, które można w dalszej kolejności poddać szczegółowym 
badaniom. Istotą metody jest badanie własności dynamicznych konstrukcji 
z wykorzystaniem testu impulsowego, polegającego na pobudzeniu konstrukcji 
do drgań i pomiarze odpowiedzi na wymuszenie. 

 


