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retain even a partial braking ability. That is why the control of force transmitting components is 
so vital. The strains should be made in such a way that the design stresses are low. In practice, 
most of these types of shoe assemblies only meet the condition of 5-fold certainty in relation to 
the strength limit. Unfortunately, such a solution does not guarantee full fatigue life. The tests 
were carried out in accordance with the previously prepared experimental research plan, which 
is shown schematically in Figure 4.
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Fig. 4. Schematic plan of experimental tests

Fig. 3. A lower shortening brake shoe assembly with a pushing drive (seemingly dual)
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3. Strain measurements of the hoisting machine 
brake linkage 

In the mine conditions, a number of modifications had to be introduced in relation to the 
tests carried out with fibre optic sensors in laboratory conditions. A new technical solution was 
proposed involving the placement of a fibre optic sensor in specially designed removable and 
reusable holders. Such a solution made it possible to use fibre optic sensors multiple times, sig-
nificantly shortening the time of testing and reducing the cost of testing the linkage. The analysis 
of installation time of the measurement system indicated that the optimal solution is a rotary 
holder with one fibre optic sensor. After overcoming a number of technical problems occurring 
on the mine, the following corrections to the original measurement system were also introduced:

1) the measurement base of a reusable optical fibre in the range of 80-1000 mm was adopted. 
2) a two-piece holder allowing “tighten” the optical fibre after the shoes have been installed, 

as it is possible that the incorrect assembly method may damage the optical fibre.
3) An additional optical fibre was added and stuck to the surface, similarly to the strain 

gauge. Such a solution minimised the influence of distance from the surface, which is 
important for the measurement results in case of bending.

4) the simultaneous measurement of the pressure in the hydraulic cylinder with the meas-
urement of the linkage strains were introduced.

The diagram of the measuring system with the fibre optic sensor L = 1000 is shown in Fig. 5.

Fig. 5. Diagram of the measurement system – position no 1-0°

For such a measurement system selected, braking tests were carried out during which an on-
line recording of the linkage strains was carried out both on the linkage’s surface and by means 
of a fibre optic sensor located at a distance e from the surface of the linkage. The results of strain 
measurements in the first measurement cross-section for strain sensors stuck on the surface of 
the linkage are shown in Table 1. 

These are the exact values of strains occurring on the surface of the linkage. In order to 
simplify the installation of sensors, mainly including the elimination of the labour-intensive 
process of sticking the sensors to the surface of the strain and significant reduction of testing 
costs, a reusable fibre optic sensor attached to the linkage by means of a special was proposed as 
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Next, the analogous results of strain measurements for position 3 were presented, i.e. the 
measurement system was rotated by 180 degrees in relation to position no 1. The position of the 
holder was shown both on the diagram and on the tested object, Fig. 9 and 10. 

Fig. 9. The holder in the 180-degree position

Fig. 10. Diagram of the holder mounting

From the practical point of view, the relationship between the strains of the reference sensor 
stuck to the surface of the linkage and the strains of the FBG sensor in the rotary holder are the 
most interesting. For the case of position no 3, the strains of the FBG sensor screwed into the 
rotary holder are almost the same as of the stuck sensor. The correction coefficient for position 
no 3 amounts to k3 = 0.968 (Fig. 11).

5. Enhanced strain measurements of FBG sensors in linkange

Due to different strain values on the circumference of the linkage, the following method 
was proposed for measuring the strains of the linkage. It consists in carrying out measurements 
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Fig. 15. Linkage strain distribution – layout II

The unevenness of strains for individual angular positions of strain sensors is shown in 
Fig. 16. The linkage changes its position during operation; however, it should only be stretched, 
clamping the brake shoes, according to the design assumptions. When analysing pie charts (Fig. 16 
and 17), it can be noticed that the linkage strains are uneven. The strains in the first cross-section 
do not correspond to the strains in the second cross-section of the linkage. The strains between 
the cross-sections I and II are as if shifted in phase by 90 degrees. The reason for this situation 
may be the initial imperfections of the linkage axis resulting from its warping or twisting. Such 
a complex situation complicates the assessment of the linkage stress.

Fig. 17. Strains in cross-section II of the linkageFig. 16. Strains in cross-section I 

In order to properly assess the stress of the linkage, the experimental and numerical method 
is proposed. Experimental research will allow to determine the actual values of strains on the 
circumference of the linkage in its two cross-sections. These values will also constitute bound-
ary conditions in the linkage model built using the finite element method. An example of the 
implementation of the strain boundary conditions in the numerical model of the strain is shown 
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in Fig. 18. To evaluate the stress of the entire linkage, at least 8 measurements must be carried 
out in the tested linkage. The experimentally determined strain values at individual measuring 
points will constitute boundary conditions for the FEM numerical model. The numerical simula-
tion will allow to indicate the most stressed places in the brake linkage. 

6. Conclusions

In conclusion, after a series of tests of the dual SSW brake with a set of shoes with a lower 
shortening linkage of the hoisting machine in the Andrzej V shaft of the “Nowe Brzeszcze” Coal 
Mine based in Brzeszcze, the following conclusions can be made:

• A new and innovative system for measuring the strains of the hoisting machine brake 
linkage with the use of reusable fibre optic sensors, characterised by versatility and 
considerable accuracy of measurement, was proposed in the work

• The test results were validated with the use of classical strain gauge systems as well as 
fibre optic systems stuck to the surface of the linkage

• The tests have clearly demonstrated that the strain and stress distributions occurring in the 
brake linkage are strongly uneven. This changes the current view regarding the periodic 
tests of the brake linkage

• Unevenness in the stress distribution forces the measurement in at least 4 measurement 
points distributed every 900 on the circumference of the linkage in two cross-sections

• Determining the stress of the linkage in such an uneven stress distribution requires the 
use of experimental and numerical methods. The actual strain values determined would 
be the boundary conditions for the FEM numerical model.

• The measurement of strains by means of optical fibre cables with Fibre Bragg Gratings 
is intrinsically safe since the working medium is light, being an additional attribute in 
relation to electrical resistance strain gauge measurements.

Fig. 18. Strain boundary conditions in the FEM model of the linkage




