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Estimation of Bean Stem Shear Stress Using Data-Based Methods (GMDH and
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Abstract

The mechanical properties of bean stems are particularly important for harvesting the bean plant
with the harvester. Mechanical properties for harvesting include maximum shear force, shear strength, shear energy, and
shear stress. In this study, shear stress of bean stem was determined as a function of loading rate at three levels of 20, 50
and 100 mm / min with two types of flat edge and multi edge blade at three cutting angles of 40, 55 and 70 degrees
under quasi-static cut. Shear stress test was used to determine the shear stress. For determination of shear force, the
experiments were performed at the same moisture content and in 9 replicates. Also, data-driven Artificial Neural
Network (ANN) and Group Data Control (GMDH) methods were used as fast methods for estimating shear stress.
Model inputs include blade type, stem cutting angle and loading speed. To develop the artificial neural network model,
the data were first divided into two parts: training (80%) and test (20%). To evaluate the performance of both models,
the parameters of Explanation Coefficient (R%), Mean Bias Error (MBE) and Mean Square Error (MSE) were used.
Therefore, the three-layer neural network with a structure of -4-1 gave the best results for predicting shear stress with
R2, MBE and MSE evaluation criteria of 0.978, 0.02 and 0.0132, respectively. Also in GMDH method the mean values
of bias error and coefficient of determination and mean squared error were 0.0021, 0.93 and 0.0034, respectively.
Results show good performance of both methods for estimating shear stress of bean.
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