Improvement of the algorithm of the conveyor-type dynamic weighing system to increase energy performance
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Abstract. This article illustrates the algorithm of operation of a dynamic conveyor-type weighing system. This type of device is used in the production of building materials, pharmaceutical and food industries. A dynamic conveyor-type weighing system is called a checkweigher for short. Modern checkweighers utilize a hardware and software package with an automatic control system. This equipment rises production productivity, increases the quantity and quality of output products, reduces the cost of production, and increases the energy efficiency of the enterprise. When using modern frequency converters to control asynchronous motors, flexible control of the latter becomes possible. The possibility of soft control of the start-stop mode of asynchronous electric motors allows to increase the service life of mechanical rotating units, reducing mechanical wear of equipment. The checkweigher is controlled through a dispatching program. The main controlled parameters are configured at an automated production workplace. The entire control process is controlled by an industrial controller. This control method increases the flexible controllability of the technological process. Also, on the basis of an industrial controller, it is possible to account for passing products. This data can be transferred to an automated production workplace. This information is intended for data analysis during production, which allows you to take certain actions to increase energy efficiency and increase the quantity of finished products. The algorithms are compiled using modern scientific achievements and have a positive effect on business processes in production.
INTRODUCTION
The use of modern technologies for process control in production is becoming more efficient and flexible. By efficiency, we mean timely control of the implementation of production plans, maintenance and efficient production with rapid response to technological process deviations, by flexibility we mean the possibility of using different products in production, changing production volumes, and sequencing technological processes [1-3]. In modern continuous production, all costs are taken into account when calculating the cost of production, in modern realities this applies especially to energy indicators. Since energy indicators are essential for production, their improvement is one of the main areas of research in existing production facilities [4-6]. The proposed control model of a conveyor dynamic weighing system is designed for continuous production applications. The model consists of a hardware and software package [7-8].
METHODOLOGY
The algorithm of the device works according to the following principle:
The device (hereinafter referred to as the checkweigheris a mechanical unit with an automatic control system. The automatic control system consists of hardware and software parts. The hardware includes all electronic devices used to operate the checkweigher, such as a control controller, a weighing module, frequency converters, strain gauges, optical sensors, contactless magnetic sensors, a control cabinet, and a computer with a monitor. The Simatic Manadjer program and a special frequency converter program are part of the software. The Simatic Manadjer program is installed on a standard computer running the Windows operating system. The Scada program is used to visualize technological processes. Based on this program, a workplace for a production management operator has been created, abbreviated as APM (automated workplace). All production processes are displayed on this program [9-11].
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FIGURE 1.  The checkweigher algorithm
EXPERIMENTAL RESEARCH
The software part is designed in such a way that, at the primary stage, the control controller checks for alarms before operation. The "alarms" algorithm is designed to ensure that the checkweigher is ready to start. If there are such signals, it activates an emergency light and sound signal, thus notifying about the presence of problems to start the checkweigher. This signal is also displayed on the computer monitor of the ARM, indicating exactly which sensor or device, such as a frequency converter, has a problem [12-16].
Next, the production management operator launches a product transportation line on the ARM, which includes a checkweigher, while the "Launch from ARM Checkweigher" algorithm is performed. After the start of the transportation line, products are supplied to the checkweigher, and to fully control the normal operation of the checkweigher, the production controller starts the "Operation Timer Start" algorithm, each time the products pass through the checkweigher, this timer is restarted [17-20]. After the "Start from ARM Checkweigher" algorithm command, the production controller starts the frequency converters, the frequency converters supply voltage to the electric motors of the checkweigher. In this case, the "Emergency start, electric motors" algorithm is performed, frequency converters start electric motors with a preset frequency and smooth start. This launch method has several advantages over the standard launch on electromagnetic starters.:
1. The equipment should be started without sudden mechanical shocks and vibrations, which has a positive effect on the service life of mechanical parts.
2. When starting electric motors using frequency converters, the inrush current decreases, thus, the current consumption of the checkweigher decreases, and the heating of electric motors decreases [21-22].
After the rotation of the electric motors, the controller can reset the electronic scales, which corresponds to the algorithm "Reset the scale container", this step is necessary for accurate measurement of the electronic scales. This algorithm is triggered in one cycle of the controller program, which does not affect other processes of the controller program algorithm. Immediately after this process, the production controller reads the signal from the input optical sensor, which corresponds to the "input sensor signal" algorithm. This algorithm is designed to detect products at the checkweigher's entrance. At the same time, the production controller reads data from the electronic scales, executing the algorithm "Reading the scale data on the PLC", to track and control the weight of products for compliance with the permissible norm. This standard is set at the ARMa by the production management operator before launching the product transportation line. After these algorithms, the production controller will start the conveyor to the checkweigher, while the "signal to start the previous conveyor" algorithm is executed so that the products are transported to the checkweigher. When the products pass through and are on the checkweigher, the controller compares the data of the scales installed on the ARM and read from the electronic scales. In this case, the algorithm "Comparing weights and settings on the ARM" is performed. The process of comparing weights takes 10 minutes..30 ms, as a result of the shutdown of the pipelines is not required. Next, the controller runs the "Comparison result, outlier" algorithm. Depending on the result of the comparison, the controller runs the required algorithm of the software part. If the entire product does not meet the permissible limit, then the "Product release process start" algorithm will be launched. The identified nonconforming products pass to the rejection conveyor, which is the second conveyor as part of the checkweigher. When defective products pass through this conveyor, the "Positioning defective products on the cull" algorithm is activated, the controller gives the stop command to the frequency converter of the cull conveyor. The electric motor stops slowing down. The time to a complete stop after receiving the stop command from the controller is preset on the frequency converter. This makes it possible to positionally stop the defective product in front of the pusher. 
After the rejection conveyor is completely stopped, the controller starts the "Product Pusher Start" algorithm. The pusher is a pneumatic cylinder with a long rod. The controller switches the pneumatic cylinder to the active state, and the process of discarding defective products occurs. A metal plate is mounted on the rod, which pushes out the defective product. After testing the piston rod of the pneumatic cylinder for ejection, the controller removes the activate command from the pusher, while the piston rod returns to its original position. 
This corresponds to the "Return the pusher to the home position" algorithm. When the pusher is tested in this way, the signal from the sensor mounted on the pneumatic cylinder disappears and appears. This activates the "product pusher signal" algorithm. This algorithm is designed to control the operation of a pneumatic cylinder. If this signal does not appear within a certain time, the controller activates an alarm and stops the operation of the transportation line. 
After cleaning the rejection conveyor from defective products, the "checkweigher start, continue" algorithm is activated, and the checkweigher will continue to work. The controller program has added the function of reading the amount of work of the pneumatic cylinder, and the number of products that have passed is also recorded. 
This corresponds to the algorithm "Write a fault in the memory of the PLC (programmable logic controller)". This information is reflected on the production ARM and is used to write to the database on a separate computer.

CONCLUSIONS
The control algorithm proposed above makes it possible to increase the energy efficiency of production and reduce the cost of production. This control algorithm increases the service life of mechanical components, reducing the number of consumables for maintenance. The smooth start of the electric motors reduces the mechanical vibrations of the installation, thereby increasing the service life of strain gauges that are sensitive to mechanical vibrations. The use of frequency converters reduces inrush currents, while adjusting the frequency of the IF to (ARM), you can control the energy parameters of the consumed current of the checkweigher. Electricity consumption is expected to decrease by up to 15-20% per transportation line.
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