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or the use of appropriate materials for the lining of the sheave grooves has a major impact on 
the durability of ropes. Fig. 2 shows the effect of the geometry of a groove on the durability of 
a wire rope with spot and linear points of contact. 

Fig. 2. Influence of groove geometry on the durability of wire rope with spot and linear points 
of contact between wires (Jemlich, 1985)

The above figure was prepared on the basis of practical experience, and it is one of the many 
confirmations of the design principle that the most optimal solution in terms of durability of ropes 
is to use a groove with the radius of 0.53 d (as measured in the axis of the effective diameter of 
the sheave). During operation of mine hoists, sheaves are subjected to variable loads. Between 
the guiding sheave and the drum of the hoisting machine, vibrations of high amplitude (catenary 
dynamics) are created in the rope. The variability of those lateral loads affects the wear of sheave 
grooves during operation. Also, changes in the assembly of sheaves and the bearing of the shaft 
or sheave axes can have a major impact on the wear processes of both the sheave groove and 
cooperating ropes. Another factor with a significant influence on wear is rope design in terms 
of their rigidity and the phenomenon known as rope twisting leading to uneven wearing out of 
the grooves. Those phenomena and the processes that determine them are as yet little explored 
(Nowacki & Tytko, 2011). This paper presents and describes the phenomenon of rope creep on 
the sheave, which causes abrasive wear of the lining, as shown in Fig. 3.

The next part presents the measurement methodology and method, which allows precise 
measurement of changes in the geometry of the sheave grooves.



341

3. Measurement method

The use of 3D vision systems for process tasks and for measurement and control is dynami-
cally developed and gradually presented in academic papers (Kowal & Sioma 2009, 2010; Kowal 
et al., 2012; Olszyna et al., 2013). Those tasks may be performed at speeds of up to several 
thousand measurements per second (Gawlik et al., 2004; Kowal & Sioma 2009; Bednarczyk & 
Sioma, 2011). This paper discusses the issue of measuring the geometric parameters of sheaves 
and rollers used to guide the ropes and determine their radial (lateral) and axial (longitudinal) 
run-out. To perform the measurements, a properly prepared 3D vision system and structured light 
in the form of laser illumination were used. The measurement and evaluation of the parameters 
of a sheave is non-contact and is continuous around the entire circumference. Such arrangement 
allows the assessment of changes in selected parameters, such as the diameter of the rope groove 
during operation. To perform the measurement, appropriate vision system configuration and 
position of the system relative to the tested object should be designed.

The vision system was configured as shown in Fig. 4a. The laser beam illuminates the sheave 
at 90° in relation to its axis. The camera is set at a 45° angle with respect to the plane of the laser 
passing through the axis of rotation of the sheave. Measurement is made during rotation of the 
sheave. The camera records successive groove profiles on the sheave every 0.5° (Fig. 5a). This 
allows the recording of 720 profiles, from which a three-dimensional image of the surface of the 
groove around the entire circumference of the sheave is built (Fig. 5b).

Construction of a 3D vision system and determination of the resolution of the system re-
quires selection of the following: optical system, camera resolution, geometry of the positioning 
of the camera and laser illumination, system calibration (Sioma, 2011). Those tasks need to be 
completed in order to build a three-dimensional image of a surface as shown in Fig. 5b. The 
image was then pre-processed in order to prepare it for measurement procedures. Their purpose 
is to remove interference that may inadvertently appear in the image and to prepare it for the 
measurements within a given range of tasks. 

Fig. 3. Uneven wearing of the groove lining in a driving sheave (Nowacki & Tytko, 2011)
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Fig. 6. Circle showing the diameter of sheave groove inscribed in the groove profile created by the vision 
system (a) and method of determining diameter deviations (b)

A circle with a so-called reference diameter, which is fixed for all the measurements per-
formed, was adopted as the value of the diameter of sheave groove. Then, for each profile of the 
sheave rim, a circle inscribed in the groove profile was defined. Based on a comparison of the 
measured diameter and the reference diameter, deviation (the difference of the two values) was 
determined for each of the profiles. Based on that deviation, a diagram was prepared showing 
the changes in diameter (radius) around the entire circumference of the sheave rim. The diagram 
was prepared for 180 measurements (Lp) distributed uniformly over the circumference of the 
circle. The measurements were made with a resolution of 0.05 mm and scaled in the diagram to 
present changes in the diameter of the groove on the full circumference of the sheave.

Fig. 7. Histogram of the distribution of changes in the diameter of rope groove around 
the entire circumference of the sheave rim

Also, measurements of radial and axial run-out were performed on the three-dimensional 
image. Those measurements were designed to examine the possibility of diagnosing sheave wear 
during operation. Radial run-out was assessed by measuring two characteristic points located 
on the circumference of the sheave. The first point, P1, was set on the body of the sheave where 
it does not cooperate with the rope. The second point, P2, was set inside the groove. Measure-
ment of radial run-out at point P1 allows identification of damage associated with the fixing of 
the sheave onto the shaft or axis, e.g. in the form of damage to the bearing or incorrect sheave 
assembly. Point P2 enables observation of radial run-out in the groove, which may result from 
the cooperation between rope surface and groove surface. Those changes may indicate the pres-
ence of local mechanical damage. Location of P1 and P2 on the circumference of the sheave is 
presented in Fig. 8.
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Fig. 8. Location of measurement points on the circumference of the sheave

Run-out measurement was performed in the following manner. For each of the measuring 
points, a constant measurement base for all measurements was defined. Then, for each of the 
profiles, the distance of P1 and P2 from the measurement base was determined, arriving at the 
value presented in the diagrams below. Due to the small size of the run-out, which averaged at 
about 1 mm, the measured values were scaled in order to plot those changes onto the entire cir-
cumference of the sheave. Analysis of run-out on the body of the sheave and inside the groove 
permits evaluation of the condition of the sheave and also identification of the causes of run-out 
on the sheave (Fig. 9). There may be two groups of reasons: related to the mounting of the sheave 
in the bearing and related to wear caused by various forms of rope vibration.

To measure axial run-out, also two reference points were set. Point P3 was located on the 
body of the sheave and point P4 was located within the groove. As before, run-out measurements 
at those points should allow determination of the run-out of both the sheave itself and the groove. 
Measurement at both points permits full identification of the size of run-out on the sheaves as 
a result of both cooperation with the rope as well as geometric changes related to the movement of 

Fig. 9. Histogram of distribution of radial run-out based on 3D image of the sheave
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the sheave. For points P3 and P4, a constant measurement base for all measurements was defined. 
Then, for each of the profiles, the distance of those points from the measurement base was de-
termined, thus arriving at the run-out value presented in the relevant diagrams. 

As a result of measurements at both points, P3 and P4, the following results of axial run-out 
measurement were obtained. The result was scaled to present the trend in the changes of run-out 
at the indicated measurement points.

As a result of measurements using a three-dimensional image of the rim of a sheave and its 
groove, an original proposal for using this technology for the analysis of sheave parameters during 
its operation has been developed. The results of measurements performed on a test bench confirm 
the possibility of continuous monitoring of a properly defined diameter of the groove of a sheave 
and the possibility of continuous monitoring of the run-out of sheaves, both axially and radially. 

Fig. 10. Location of measurement points on the circumference of the circle for the purpose 
of determining axial run-out

Fig. 11. Histogram of axial run-out from 3D sheave image as determined for the entire circumference 
of the sheave




