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    Wear in heavy mining equipment is one of the key 

factors for unexpected and expected machine down 

time due to failure and maintenance in the Aitik 

copper mine. Abrasive wear from both sliding and 

impact is fundamental modes of wear in the power 

shovel buckets in the mine. Being able to numerically 
predict how wear in the power shovel buckets takes 

place is a step towards decreasing the machine down 

time, both through better planning of the maintenance 

but also to improve wear behavior by e.g. 

repositioning of wear components.  

    In the experimental part of this study, a bucket 

belonging to a Bucyrus 495 power shovel located in 

the Aitik copper mine have been extensively studied 

through one duty cycle. A three dimensional laser 

scanning of the bucket was initially performed to 

receive the bucket geometry which can be seen in 
Figure 1. A number of predefined positons on the 

bucket’s wear plates were measured with an 

ultrasonic thickness gauge, the tooth length was 

measured for all teeth. The measurements were done 

with a constant interval of loaded tons during the 

whole duty cycle from a newly renovated to a worn 

out bucket. 

    The abrasive wear behavior from both sliding and 

impact was considered: 

 To study the wear from sliding between wear plates 

and copper ore a wear drum test was used in a 
similar way as described in [1]. 

 The impact wear was studied by the use of a novel 

experimental setup consisting of a box filled with 

ore which was lined with wear plates. A uni-

directional translation movement with a certain 

frequency was then applied, and the wear on the 

plates caused be impact was studied. 

The reason behind the thoroughly planned 

experimental program was to have a sufficient 

validation case for the numerical models as well as 

calibrate the numerical model. For the numerical 

model, a combined model consisting of the Finite 

element method (FEM) and the discrete element 
method (DEM). FEM was used to model the elastic 

behavior of the bucket, and DEM was used for 

modeling the copper ore material. Several critical 

parameters for the internal interaction between 

discrete elements as well as the interaction with the 

bucket was calibrated with angle of repose tests. The 

particle size distribution (PSD) from the ore in the 

Aitik mine [2] was applied to the DEM distribution 

in simulations. Wear is modeled with a combined 

wear law which treats both sliding and impact wear 

and is calibrated from the previous mentioned wear 
tests. The kinematic behavior of the bucket and 

excavator was captured through live video recordings 

and data analysis of several loading cycles with 

different operators and working conditions in order 

to capture an averaged loading cycle. The kinematic 

behavior was then used in the numerical model. 

    Preliminary results from the numerical model 

shows significant possibilities to better understand 

the behavior of wear in the buckets. The novel wear 

calibration procedure where a sliding and impacting 

wear law is combined and calibrated from realistic 
experiments shows interesting results in capturing the 

multi-modal wear occurring in the bucket. 

    The numerical results compared to the 

experimental results shows a good agreement on a 

qualitative as well as a quantitative level considering 

both wear and kinematic behavior of the copper ore-

bucket interaction. 
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Figure 1: Isometric view from 3D-scan of the 

studied bucket. 
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