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[bookmark: _Toc172404977]1. Introduction

The purpose of this task is to research and analyse The PID control of the Heater Plate within the AM 500Q series via the PLC in the machine. This will delve into various aspects of the control system, including the inputs and outputs, hardware involved, control algorithms, sampling times, communication protocols, software and potential improvements. 

The heater plate is a vital component of the Additive Manufacturing process as it is used throughout the build process as it is ensuring proper adhesion, reduces warping and defects, supports a wider range of materials, enhances print quality, and facilitates easier removal of finished parts. Understanding this system can lead to potential improvements which will add value to the customers. 

[bookmark: _Toc172404978]2. System Overview

[bookmark: _Toc172404979]2.1 Mechanical Build

The heater plate is a system which is beneficial to the customer as it is a vital part of the additive manufacturing process. To ensure the heater plate is functioning correctly and efficiently the system is tuned via a PID controller within the PLC. 

The Heater plate is made up of several components which include a Top Plate, Heater Plate Seal, Heater Pack, Heater Support Plate, Insulator and a thermocouple cable. 








Heater Plate Assy












The heater plate is then controlled by the PLC during the auto tune operation and through standard operation (machine builds). The system is designed to ensure the heater plate is operating at the desired temperature requested by the customer. During the autotune procedure the heater is set to achieve 100˚C and can take up to 1 hour to achieve. The system architecture involves several interrelated components operating in a hierarchical arrangement. At the lowest level, the heater pack and thermocouple feedback information to the PLC system which then displays the temperature on the HMI screen for the operator to view. 

[bookmark: _Toc172404980][image: 新品 送料無料 CJ2H-CPU64-EIP CPUユニット OMRON PLC オムロン お買得 OMRON]2.3 PLC Inputs and Outputs 

To ensure the heater plate is operating correctly the heater plate is autotuned via a PID system within Omron PLC. The PLC used within the AM machines is the Omron Sysmac CJ2H. The PLC is the brain of the AM machine and controls/monitors every single control system within the machine. 

The heater has inputs and outputs from the PLC to allow it to be signalled to be ON and OFF. It also has inputs that read the temperature of the heater so it can be displayed on the HMI, used within the auto tune process and for safety reasons on the safety PLC. The safety PLC will not allow to open the door if the heater is reading above 50˚C.

The wiring schematic below shows the heater pack temperature sensor wired to the input card 23A1. This allows the PLC to understand the temperature of the heater which is used for setting heater plate values and the auto tuning process.
                              [image: A diagram of a computer
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In addition to the temperature sensor, we also have the input from the safety PLC to the contactor for it to give a signal that it is safe to turn on the heater. Following that we have the input from the main PLC which then switches the solid-state relay on from the heater to begin operation. 










[bookmark: _Toc172404981]2.2 Auto-Tune Process

To tune the heater plate’s temperature a function within the PLC called PIDAT (191) is used. When the Auto Tune function is triggered by the technician via the HMI, PIDAT (191) carries out target value filtered PID control with two degrees of freedom according to the parameters designated by the set value. It performs the PID operation in accordance with the parameters that are set after taking the designated input range of binary data from the contents of input word S. Next, the outcome is kept in output word D as the modified variable. The image below shows the operands used within the PIDAT (191) function. 

                                  [image: A diagram of a data flow
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The image below shows the first parameter words, a word can be used for several different functions such as Fixed-point numbers, floating point numbers, addresses, registers, memory-processor transfer and instructions. In this case it is used for fixed point numbers and instructions. What is a word in computing architecture? | Definition from TechTarget
                                  [image: A diagram of a program
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The status of the Auto Tune Command Bit (bit 15 of C+9) is checked every cycle. If this control bit is turned ON in each cycle, PIDAT (191) will begin autotuning the PID constants. (The changes in the Set Value will not be reflected while autotuning is being performed.) The Auto Tune sampling time is 1s, this is considered fairly low in comparison to other control systems however the temperature of the heater plate does not change that much at a fast pace there for a 1s sampling time is adequate.

The limit-cycle method is used for autotuning. PIDAT (191) forcibly changes the manipulated variable (max. manipulated variable X min. manipulated variable) and monitors the characteristics of the controlled system. The PID constants are calculated based on the characteristics that were observed, and the new P, I, and D constants are stored automatically in C+1, C+2, and C+3. At this point, the Auto Tune Command Bit (bit 15 of C+9) is turned OFF and PID control resumes with the new PID constants in C+1, C+2, and C+3. The flow chart below shows the auto tuning procedure and an example of the PIDAT (191) function within CX-Programmer. 
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 The image above shows that S = Out Elevator Heater Temp PV (Measured Value), C = Heater PID SP (Set Point) and D = Heater MV (Manipulated Value). 

When investigating this control system within the workplace a test run was performed to see the calculation method of the PID values. The automatic tuning method ‘Limit Cycle’ and takes around one hour. Due to being an automatic tuning method there is no input required from the technician other than the set value. The technician will input the target temperature to 100˚C on the HMI as shown below. 
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After the Auto tune has completed the PID values are displayed on the HMI also. These values are then used whenever the heater is turned on as the PIDAT (191) function has calculated these values as the most optimised. To look at the performance of the tuning the additive manufacturing department developed a program called ‘RenAssist’ to analyse the logs from an AM machine. An example of an auto tune is displayed below along with the PID values displayed in the HMI. 
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2.4 Communication Protocol

[image: A diagram of a computer
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Description automatically generated]The PLC communicates to the HMI via a router which has been programmed and set up as part of the commissioning process. Ethernet/IP (Ethernet Industrial Protocol) is an extensively used industrial communication protocol. It is a member of the DeviceNet and ControlNet families of Common Industrial Protocols (CIP). The purpose of Ethernet/IP architecture was to give automation devices a reliable, fast, and scalable way to be connected via conventional Ethernet networks. Understanding PLC Communication Protocols: Modbus, Profibus, and Ether – PLC.PLACE This also allows the benefit for issues to be diagnosed at a faster pace by engineers who support customers. A software commonly used by service/ software engineers is TightVNC. In addition to this some other benefits consist of high-speed communication, scalability, compatibility and security. The high-speed communication is vital in a complex control system as the safety PLC and Control PLC need to be able to communicate at a fast pace; this is because the PLC relies on safety signals and limits to be met to allow certain processes to begin for example inert cyclers, heater operation and to fire lasers.

2.5 Software and Tools

2.6 Enhancements and Upgrades
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