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1.0 Introduction 
This report contains a details description of how a production line is programmed using PLC lader logic and HMI’s. The production line includes the input of raw materials, which are detected and machined using CNC machining centres. The machine centres produce two different components. One produces lids, the other produces bases. Once manufactured they are fed down two different conveyor belts. Where a series of sensors are used to detect the presence of the components in relation to their positioing on the production line. Where they are then manipulated using different machinery and equptment to be sub assembled as one unit, Using pick and place apparatus. To then be picks and packed into a shipping box where they will then be moved to the end of the line when the boxes have reached the set capacity. All of the aparatus used in this production line are operated by a PLC programe written on Siemens Tia Portal. 




















2.0 Lader Logic 
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Fig.1 – Network 1 [Siemens Tia Portal]
Network 1 – “MHJ-PLC-Lab-Function-S71200” is the interface between TIA Portal and Factory IO
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Fig.2 – Network 2 [Siemens Tia Portal]
Network 2 – This rung represents the start stop function of the programme. Using a latch system to keep the contacts closed when the start button is pressed. When the stop button is pressed the contacts are opened cutting the power to the line. 
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Fig.3 – Network 3 [Siemens Tia Portal]
Network 3 – When both machine centres are busy this rung will enable the emitters to start emitting raw material onto the production line for the machine centres.
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Fig.4 – Network 4 [Siemens Tia Portal]
Network 4 – The memory input of “Operate” Commands the machine centre which produces bases to run. 
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Fig.5– Network 5 [Siemens Tia Portal]
Network 5 – Memory input of “Operate” to switch on machine centre which produces lids.
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Fig.6– Network 6 [Siemens Tia Portal]
Network 6 – This rung shows the staggered start of the conveyor belts on the production line. Also, indicating emitter three is activated when difuse sensor 3 is activated. Emitter one and two is not on a staggered start as they do not require energy. The staggered start strategy prevents a large draw of power which may possible cause a surge and power cut. 
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	Fig.7– Network 7 [Siemens Tia Portal]
Network 7 – When Difuse sensor 9 and 10 are activate. The pulse time stops the emitters from emitting raw material for 20s. Giving the machine centres a chance to machine the raw materials into complete parts. This prevents a back up in the system and damage or loss of parts. [image: A picture containing graphical user interface
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Fig.8– Network 8 [Siemens Tia Portal]
Network 8 – The above rungs control the first set of clamps on the line. When Difuse sensors 1 is activated the right clamp is set. When Difuse sensor 2 is activated the left clamp is set. 
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Fig.9– Network 5 [Siemens Tia Portal]
Network 9 – The stack light set up allows anyone in the area to know what status the production line is via visual and audible aids. If the Siren is activated the yellow light is lit. This indicated the line is about to start. Belt 2 is used to activate the green light as this is the first belt to activate when the line starts. 
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Fig.5– Network 5 [Siemens Tia Portal]
Network 10 – This rung shows the waning flag set up. The warning memory input indicates if the “Warning” are greater or less than 0 the Warning flags are activated. This illuminates a light on the HMI indicating there is an issue. 
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Fig.5– Network 5 [Siemens Tia Portal]
Network 11 – If the value of “Warnings” Is greater or less than 0 the alarm master is activated.  When the Alarm master is activated the alarm flags are illuminated on the HMI.  
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Fig.12– Network 12 [Siemens Tia Portal]
Network 12 – Above is the reset function of all machinery and apparatus on the production line other than the machine centres. Therefor, when the reset button is pressed the reset signal is stored in memory. When the line is restarted a pulse, signal is sent for 2ms to restart apparatus and equipment. 
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Fig.13– Network 13 [Siemens Tia Portal]
Network 13 – When both left and right clamp are in the “Clamped” positions, the status is stored as *both clamped* as a memory bit. 
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Fig.14– Network 14 [Siemens Tia Portal]
Network 14 – The above rungs show the operating sequence of the pick and place apparatus. When the input signal “Both Clamped” Is sent to the pick and place machine, timers are used to send the signal to each output function at different times. These times are critical to ensure it operates in the “X” and “Z” axis’s at the correct times preventing a clash with any product or equipment. These timers are also used to reset the clamps back to the home position to release the product. The right clamp is reset using the reset function (R) when the pick and place machine operates in the “Z” axis. Releasing the product ready to be picked up and move to the other conveyor belt. When the pick and place machine moves in the “Z” axis again to drop the product on the other production line “Left Clamp 2” is also released using the reset function (R). Once the product is in place “Left clamp 2” is raised, allowing the product to continue. 
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Fig.15– Network 15 [Siemens Tia Portal]
Network 15 – When “difuse sensor 3” is activated a timer is used to hold the signal, this deactivates *Belt 4m 3” for 4000ms. Slowing product down to prevent a pile up which would result in lost or damaged product. Using the reset function (R) to reset the belt once the time has elapsed. 
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Fig.16– Network 16 [Siemens Tia Portal]
Network 16 – When “Difuse Sensor 3” is activated a timer is used to activate “left clamp 3” for 1800ms. Releasing in time for the second pick and place machine to pick the product up.  [image: Diagram
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Fig.17– Network 17 [Siemens Tia Portal]
Network 17 – The above network shows the operating sequence of the second pick and place machine. The input signal used to activate the second pick and place is “Left Clamped 3”. A timer is used to give it an overall operating time of 7.5s. this is enough time for the pick and place to complete the required action. Times are used again to control the pick and place machine in the “X” and “Z” axis’s. The timings are critical part to the program to ensure the pick and place carries out the operation correctly. 
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Fig.18– Network 18 [Siemens Tia Portal]
Network 18 – A Timer is used to stop “Rolley Conveyor” 500ms after “Difuse Sensor 4” is activated. 
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Fig.19– Network 19 [Siemens Tia Portal]
Network 19 – The first rung is used to count the number of lids which have been produced by the machine centre. Using “Difuse Sensor 6” to send a signal to a up count. Which is then stored as a memory bit “MW250”. The second rung show the “Lid Error” counter. Using an up down counter to determine whether product has made it from one point in the production line to another. When “Difuse sensor 6” is activated the counter counts up. When “Difuse sensor 1” is activated the counter counts down. Therefor, if “Difuse sensor 6”was activated and “Difuse Sensor 1” wasn’t, the Lid error count would go up one. Indicating there is an error on the lid production line.
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Fig.20– Network 20 [Siemens Tia Portal]
Network 20 – The first rung is used to count the number of bases which have been produced by the machine centre. Using “Difuse Sensor 7” to send a signal to a up count. Which is then stored as a memory bit “MW252”. The second rung show the “Base Error” counter. Using an up down counter to determine whether product has made it from one point in the production line to another. When “Difuse sensor 6” is activated the counter count up. When “Difuse sensor 1” is activated the counter counts down. Therefore, if “Difuse sensor 6”was activated and “Difuse Sensor 1” wasn’t, the Lid error count would go up one. Which is then stored as a memory bit “Base Error”. 
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Fig.21– Network 21 [Siemens Tia Portal]
Network 21 – The first rung is used to count the number of Shipping boxes which have been filled by the pick and place. Using “Difuse Sensor 4” to send a signal to a up count. Which is then stored as a memory bit “MW258”. The second rung show the “Shipping box Error” counter. Using an up down counter to determine whether product has made it from one point in the production line to another. Then “Difuse sensor 4” is activated the counter counts up. When “Difuse sensor” is activated the counter counts down. Therefore, if “Difuse sensor 4”was activated and “Difuse Sensor 8” wasn’t, the Lid error count would go up one and stored in the memory in “MW260”.
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Fig.22– Network 22 [Siemens Tia Portal]
Network 22– The rung is used to count the number of boxes which have filled by the pick and place machine. Using “difuse Sensor 5” to send a signal to a up count. 
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Fig.23– Network 23 [Siemens Tia Portal]
Network 23 – A comparator has been used to send a signal to “Roller Conveyor” to reactivate when the box count is greater than or equal to 2. When “box counter” has reached 2 this is stored in the memory as “box done”.








3.0 HMI Screen Diagrams 
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Description automatically generated]Fig.24– HMI Root Screen  [Siemens Tia Portal] 
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Fig.25– HMI Engineering Screen  [Siemens Tia Portal]
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Description automatically generated]	Fig.26– HMI Warning and Alarm Set Screen  [Siemens Tia Portal]


















4.0 PLC and Production Line Process Flow Diagram. 
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