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[bookmark: _Toc115377515]1 – Introduction


This report outlines the control used with Factory I/O and Siemens PLC software to produce a system that produces two components, a lid, a base and assembles them. The System features several factory components, ladder logic program and a human machine interface to allow complete control and feedback of the system. 












[bookmark: _Toc115377516]2 – Factory overview and flow chart

The following flow chart is used to design the factory and shows a basic logic behind the system.

[image: Diagram

Description automatically generated]
[bookmark: _Toc115377522]Figure 1 Simple flow diagram of system logic

The following picture is the layout of the entire system which features Control for several feeding conveyers, two machining centres that produce the lids and bases from raw material, two-part aligners/clamps and a two axis pick and place gantry. All the equipment that will be controlled by the PLC is assigned an input or output address within the factory io software.[image: A picture containing floor, indoor
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[bookmark: _Toc115377523]Figure 2 Complete Factory IO overview
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[bookmark: _Toc115377524]Figure 3 List of factory IO's used

[image: Graphical user interface, text, application

Description automatically generated]The PLC program features function blocks and functions within the main OB program. These can be thought of as sub routines and used to organise and simplify the programming.
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[bookmark: _Toc115377525]Figure 4 Program blocks within TIA
Function blocks and functions divide and organise the program into logical tasks and make each task more manageable. They can have input and output parameters and therefore can be used many times with different set of variables. (Jon Stenerson, 2019)
[image: Graphical user interface

Description automatically generated]It’s important to note that due to way the PLC operates before the factory can function correctly some variables need to be input into the following HMI screen. The pick and place positions need to set as follows: X forward = 10, X back = 0, Z up = 10 and z down = 0.












[bookmark: _Toc115377526]Figure 5 HMI screen featuring input field for pick and place positions

[bookmark: _Toc115377517]2.1 – System start and pop-up sorter.
The first stage of the system starts with the control panel, siren, and warning light. The factory is started with the “start button” (i16.0). The “stop button” (i16.1) is a normally closed contact within factory io and “Alarm_7” (m0.7) is normally closed contact within the plc program therefore operating the start button turns on the output “operate” (m100.0) this output coil is then used as a latch which keeps the output on while the start button is released.  Its only the normally closed contacts within the rung which can turn off the “operate” output.  
[image: Diagram

Description automatically generated with medium confidence][bookmark: _Toc115377527]Figure 6 Start/stop program








When the “operate” output is high a pulse timer in network two is activated which brings on both outputs “alarm siren” (q16.1) and “warning light” (q16.0) for two seconds. “Operate” is also used in the conveyors function block to output to all the conveyers within the system and the “emitter” (q16.3) all the outputs within this function are operated different times using timer on functions set at various times. 
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[bookmark: _Toc115377528]Figure 7 Conveyor program

[image: A picture containing floor, ground, table

Description automatically generated]The emitter is set to emit raw material in two colours green and blue. These raw materials travel down the first conveyor on to a pop-up sorter conveyor and a vision sensor. The pop-up sorter then diverts the components left or right dependant on the result of the vision sensor. The vision sensor can be configured to detect more than one type of part by selecting the proper configuration. The sensor in this system is configured to output a numerical output value dependant on the part detected. For blue raw material that value is 1 and for green raw material that value is 4. This value is assigned to “vision sensor” ID 30 and using a move function is moved to “blue or green value” MW1 which can be seen in network 4. [bookmark: _Toc115377529]Figure 8 Overview of emitter, vision sensor and pop up sorter

The pop-up conveyor is then controlled in network 5 with two separate equal comparators. If MW 1 is equal to 1 the “pop right” (q16.7) output is high and the pop-up conveyor is directing parts towards the right however if MW is equal to 4 “pop left” (q17.0) is high and the parts are directed to the left. 
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[bookmark: _Toc115377530]Figure 9 Vision sensor program

[bookmark: _Toc115377518]2.2 – Machining Center’s
Both machining center’s can produce lids and bases therefore before the raw materials get to the machining center’s machine one must be set to produce lids. This is achieved by setting M/C 1 toggle switch to “on” within the attached HMI screen. 
[image: Graphical user interface, application
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[bookmark: _Toc115377531]Figure 10 HMI screen featuring mc 1 timer and lids toggle switch
Machine one is now producing green lids and machine two is now producing blue bases. There are diffuse sensors at the entrance and exit of both machines that are used for production counters and over production. 
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[bookmark: _Toc115377532]Figure 11 overview of machining center's
Within machine one function block “operate” (m100.0) Is used to activate the output “start mc 1” (q17.3) and “mc 1 lid selector” is used to activate output “produce lids mc1” q17.2.	
[image: Graphical user interface, application
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[bookmark: _Toc115377533]Figure 12 Machine 1 program
Machine two function block again starts with “operate” (m100.0) however the input “mc 2 open” (i16.6) is also used. This is the input of the machine guard within factory io. 
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[bookmark: _Toc115377534]Figure 13 Machine 2 program
In the case that the machines stop producing or can’t keep up with the frequency of the emitter the two diffuse sensors “mc 2 full” (i17.1) and “mc 1 full” (i17.2) at the input conveyors are used to reset the output “emmiter” (q16.3) with network 8 in main OB. 
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[bookmark: _Toc115377535]Figure 14 Emitter pause network
The same two inputs are also used with count up/down functions on network 14 and 15 of the main OB program these counters are used to keep track of the raw materials into the machine and the lids and bases produced. 
Machine 1 counter functions as per the following: “mc 1 full” (17.2) is used to count “diffuse 6” (i18.1) is used to count down, “parts counter reset” (i20.3) is used to reset current value “lids error count” (IW24) and the pre-set value is set with “lids counter error pre-set” (IW20). If the CV value is equal to the PV value, the output “warning 0” (M1.0) is high. 
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[bookmark: _Toc115377536]Figure 15 Machine counter networks
[image: Graphical user interface

Description automatically generated]Machine 2 counter function the same as the previous counter but with different inputs and outputs: “mc 2 full” (17.1) is used to count “diffuse 7” (i18.2) is used to count down, “parts counter reset” (i20.3) is used to reset current value “base error count” (IW26) and the pre-set value is set with “base counter error pre-set” (IW22). If the CV value is equal to the PV value, the output “warning 1” (M1.1) is high. 
Networks 14 and 15 are used on the pictured HMI screen. For both counters CV is displayed in the error value io field, PV values are set with pre-set value io field, both counters are reset with one button and the outputs are used with the two pilot lights. [bookmark: _Toc115377537]Figure 16 HMI screen featuring counter fiqures

Network 9 of the main OB uses a retentive timer on function (TONR timer) with machine 1, this timer is an accumulating timer and retains the elapsed time when the input is lost. Retentive timers do not lose the elapsed time when rung condition are false.  Time is accumulated when “mc 1 busy” (i16.4) is high and the elapsed time is stored in “mc 1 total time” (MD1) and displayed on the HMI screen but is reset with “mc 1 total time reset” (m2.0).
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[bookmark: _Toc115377538]Figure 17 Machine 1 cycle time network


[bookmark: _Toc115377519]2.3 – Part clamps and pick and place gantry.
[image: A picture containing floor, ground

Description automatically generated][bookmark: _Toc115377539]Figure 18 Pick and place and part clamp overview


After the lids and bases have been produced by the machines, they travel down separate conveyors towards a set of part clamps and a two axis pick and place gantry robot. The part clamps clamp the lids and bases for the two-axis gantry to pick and assemble.  When the lid and base is assembled one of the part clamps raises to allow the assembly to travel on towards the roller conveyor and a waiting stacking box. When two assemblies enter the stacking box it is released by a roller stop. 





The part clamps are activated by diffuse sensors “diffuse 0” (i17.3) and “diffuse 1” (i17.4) located Infront of the clamps these inputs activate timer on functions for 2 seconds this allows the parts to completely enter the clamps before the outputs “left 2 clamp” (q18.5) and “left 0 clamp” are activated and clamp the parts.  
[image: Diagram
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[bookmark: _Toc115377540]Figure 19 Part clamp program

The inputs on the clamps “left 2 clamped” (i17.5) and “left 0 clamped” (i17.6) are used to set the output coil “both clamped” (q20.1) which is also used as a latching circuit for “left 0 clamped” (i17.6) as the signal on that clamp is lost when the pick and place removes the lid from its clamp. This was necessary because “both clamped” (q20.1) is used to start the pick and place part of the program. 
The two axis pick and place robot in this system is configured for analog inputs therefore the positions on both axis’s are set with a voltage or figure of between 0-10, this was achieved with four values within the plc program “z down” (MD50), “z up” (MD50), “x forward” (MD42) and “x back” (MD46) and move functions to move these values in sequence to outputs “z position” (QD38) and “x position” (QD34) that move the axis’s to a determined position. 
Timer on functions were used to allow the axis to achieve the desired position and the output “grip” (q18.7) was used to grip the lid and release it when the z axis was in the lowered position.  The outputs q20.1 to q20.6 were created so they could be used as start inputs on the following rungs.
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[bookmark: _Toc115377541]Figure 20 Pick and place program
To make sure the pick and place was only used when both parts were clamped the following rung was created.  This ensures that if “operate” (m100.0) was true and “both clamped” (q20.1) was false both axis on the pick and place unit are at the 0 position. A robot home position.  
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[bookmark: _Toc115377542]Figure 21 Pick and place home position network
[bookmark: _Toc115377520]2.4 – Completed assemblies and stackable boxes

The stackable boxes are emitted on the roller conveyor and are stopped with “roller stop” (q19.2) as this output is connected directly to the positive power rail of the plc program it is always high and therefore the stopper is always in the advanced position it isn’t until network 12 is activated that the roller stop is lowered. 
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Description automatically generated with low confidence]
[bookmark: _Toc115377543]Figure 22 Roller stop and stackable box program
Network 13 starts with the input “diffuse 2” (i17.7) this is the sensor that is made with the completed assemblies that move on to the stackable box and actives count (CU) connection in the count up function.  The pre-set is set to 2 therefore is set to output after two completed assemblies have moved into the box. The output connection (q) is connected to a timer on function to allow time for the assemblies to fall into the box then a pulse timer is used to reset the roller stop for enough time for the stackable box to move along to the remover. 
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Description automatically generated with medium confidence]
[bookmark: _Toc115377544]Figure 23 Stacked box counter

Network 16 uses a count function to count the number of filled stackable boxes. Input “diffuse 3” (i18.0) is used to count (CU) “reset box counter” (i20.4) is used to rest the current value (CV) which is stored in “filled box count” (iw28) which is displayed on the HMI screen. 
[image: Graphical user interface
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[bookmark: _Toc115377545]Figure 24 HMI screen featuring filled box counter.
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