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Summary: Indispensable parts of all modern industry systems are conveyor belts. Qualitative and reliable conveyor allows continuous operation of the conveyor system and increases the efficiency of the entire production process. Rubber conveyor belts may contain a steel core or multiple layers of rubber and canvas (carcass). One of the most common causes of failure and main issues in the use and maintenance of rubber conveyor belts with carcass is delamination. In this paper, in application of artificial neural network, the prediction of the beginning of delamination at rubber conveyor belts is presented. A multi-layer feed forward artificial neural network is used and the two input variables considered in the artificial neural network: length of the conveyor belt and the number of layers. Results point that artificial neural network can be trained with exploitation data and later effectively used in predicting of the beginning of delamination at rubber conveyor belts. Thus presented methodology can be used in the control and maintenance of conveyor belts.
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1. INTRODUCTION 
Proper maintenance of any technical system has a crucial role in ensuring the continuous production, reduced system downtime, and therefore reduced costs. For this purpose, different ways of maintaining is applied: preventive, predictive and corrective. Preventive maintenance helps to: protect assets and prolong the useful life of technical sistems, improve system reliability, decrease cost of replacement, decreases system downtim, reduce injury etc. Nowadays, preventive and corrective maintenance is the most commonly used, but predictive mainenance is increasingly applied.
One of the methods is applicable to the predictive maintenace is failure prediction using artificial neural networks (ANN). Some authors explored the application of artificial neural networks to model the behaviour of a complex, repairable system, such as a helicopter transportation facility [1]. Tian [2] developed an ANN based method for achieving more accurate remaining useful life prediction of equipment. Other authors developed the diagnostic system for identification of accident scenarios in nuclear power plants using ANN [3]. Also, the ANN was used for prediction of component reliability and level of degradation [4].
In this paper, in application of ANN, the prediction of the beginning of delamination at rubber conveyor belts is presented. A multi-layer feed forward artificial neural network is used and the two input variables considered in the artificial neural network: length of the conveyor belt and the number of layers. The output variable is beginning of delamination at rubber conveyor belts.
2. MATERIALS AND METHODS
2.1 ARTIFICIAL NEURAL NETWORKS 

The ANN are a collection of mathematical models that simulate some of the observed properties of biological nervous system and withdrawing similarities with biological adaptive learning. They made up of a large number of interconnected neurons which, like biological neurons, are associated with their relationships, which include bandwidth (weight) coefficients, which are similar to the role of synapses [5]. The ANN are capable of classifying patterns (assigning observations to classes), clustering (data categorisation), approximating functions (scientific modelling), forecasting (time-series prediction), optimising results from an objective function (optimum resource allocation), and controlling inputs such that a system follows a desired trajectory (systems-control).

The ANN are modeled via a learning process which can be supervised or unsupervised. In supervised learning, the network is presented with the inputs and target outputs iteratively and the network adjusts its weights using efficient learning methods such as steepest descent. The aim is to minimize the error in order to generate outputs as close as possible to the targets.
The dataset is divided into three distinct sets. The training set is used to train the network, the testing set is used to assess the model at various stages of training and the validation set is used to test the model predictions on unseen data (generalization). In the evaluation process, the best networks are selected based on the highest coefficient of multiple determinations (R2) as shown in Eq. 1.
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and the lowest mean squares error (MSE) as shown in Eq. 2.
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where 
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2.2 RUBBER CONVEYOR BELTS WITH CARCASS
Conveyor belts are, in most cases, the most cost-effective solution for handling bulk material mass flows over short and medium conveying distances. The belt is a key component of these conveyors and its dynamic characteristics determine the working performance to a great extent. A wide range of different materials: piece, bulk and raw materials (stone, coal, ore, waste, sand, etc.) could be transported by conveyor system. They can transport materials and up to 20 km distance.
Conveyor belt systems have been significantly developed for decades and are playing a critical role in today’s large-scale continuous transport systems. Rubber conveyor belts may contain a steel core or multiple layers of rubber and canvas (carcass), while the maximum width of conveyor could be up to 3000 mm. It is basically a composite material with two distinctly different materials composed orthogonally to achieve both strength in one direction and bending flexibility in the other direction. A number of fabric ply-layers are used in the belt construction [6]. These layers are bonded to the inter-rubber layers and to the covers by a vulcanising process. The fabric material is made up of either polyamide fibers commonly referred to as nylon or polyester. 
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Fig. 1 Layers in rubber conveyor belt with carcass
Rubber conveyor belts are widely used in steel industries for bulk handling of raw materials like coal, coke, iron ore etc., and they need to be highly reliable. Qualitative and reliable conveyor allows continuous operation of the conveyor system and increases the efficiency of the entire production process. Failure of conveyor system can lead to increase the downtime of the plant as well as the maintenance costs. 
Failure of conveyor belt system finds its roots from many causes like poor joints, delamination, weak places in parent belt, belt mis-tracking, idler or pulley wear etc. In most cases, the lifetime of conveyor belt systems is influenced by delamination and wear caused by impact of bulk solid material [7]. 
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Fig. 2 Delamination at rubber conveyor belts
The delamination is the separation of the rubber covers and the carcass, or the separation of the carcass plies at the edge of the belt. The rubber covers on the top and bottom of the belt act as the barrier between the heat source and the carcass. The carcass consists of layers of fabric (usually polyester and nylon), bonded together by thin layers of rubber. The effectiveness of the heat-resistant rubber covers is the most crucial factor that determines the length of the belt’s working life. If the core temperature of the carcass becomes too high then the belt will start to fall apart. This delamination process also occurs between the covers and the carcass. An increase of only 10˚C in the core temperature of the belt carcass can reduce the life of the belt by as much as 50%. Knowledge of physical, mainly mechanical, properties of conveyor belt rubbers belongs to important preconditions of trouble-free operation of conveyor belt transportation. 
3. NEURAL NETWORK FOR PREDICTION OF DELAMINATION AT RUBBER CONVEYOR BELTS
In order to realize the ANN for prediction of delamination at rubber conveyor belts, a set of 84 explatation data from mining industry was used. The data set consisted of exploitation data of conveyor belts: length (50, 100 and 200 m) and the number of conveyor belts layers (3 to 7 layers), and the operating time (in months) when the delamination occured.

For prediction of delamination at rubber conveyor belts, a 3-layer feed forward artificial neural network is used. The two input variables considered in the ANN model are: number of layers and belt length. The output variable is beginning of delamination at rubber conveyor belts (in months of work). All variables were normalazed in phase of pre-processing.
In accordance with the avaliable exploitation data, the dataset for the ANN training, validation and testing was organized in a matrix “data” that has 84 rows and 3 columns (84x3 matrix). The first two columns represent independent variables x and y (input), and third column represent dependent variable p (output).
	data (xyp)=[
	2
	50
	10.6

	
	3
	50
	9.5

	
	3
	100
	10.3

	
	...
	...
	...

	
	7
	200
	9.8]


The data set consisted of sample of 86 exploitation data. The training set consists of 58 samples (70%), the testing set consists of 13 samples (15%), and the validation set consists of 13 samples (15%).

The ANN that was designed had structure 2-20-1, i.e. it had 2 neurons in input layer, 20 neurons in hidden layer and one output neuron. Structure of the network is presented in Fig.2.
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Fig. 3 Artificial neural network for prediction of beginning of delamination at rubber conveyor belts
The obtained results prove that the ANN could be used for prediction of delamination at rubber conveyor belts. After training ANN becomes readily available tool capable of estimating begining of delamination at rubber conveyor belts on the basis of available exploitation data. The training, validation and test performance of designed ANN is shown in Fig. 4.
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Fig. 4 The training, validation and test performance of designed ANN
However, better results can be expected with a larger number of data for training, validation and test. Furthermore, adding of one more hidden layer can affect on increased network accuracy, and those better results. 
4. CONCLUSION 

Nowdays, conveyor belts are indispensable parts of all modern industry systems. Qualitative and reliable conveyor allows continuous operation of the conveyor system and increases the efficiency of the entire production process. Failure of conveyor system can lead to increase the downtime of the plant as well as the maintenance costs. Failure of conveyor belt system finds its roots from many causes like poor joints, delamination, weak places in parent belt, belt mis-tracking, idler or pulley wear etc. In the purpose to reduce failure of conveyor belts, predictive methods are increasingly used, among them is artificial neural network. 

The exploitation data were used for neural network training. A multi-layer feed forward artificial neural network is used and the two input variables considered in the artificial neural network model were: number of layers and belt length. The output variable is beginning of delamination at rubber conveyor belts.
The obtained results show that artificial neural network can be trained with exploitation data and effectively used in predicting of delamination at rubber conveyor belts. Thus presented methodology can be used in the control and maintenance of rubber conveyor belts.
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