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Process Description - Sorting Station
The "Sorting station" example process is described in the following.
[bookmark: _Toc407693028][bookmark: _Toc16585684]Description of functions
[bookmark: _Toc407693029][bookmark: _Toc16585685]Brief description
The automated sorting station (see Figure 1) is used to separate plastic and metal components. A component is fed to the conveyor via a chute. The conveyor starts as soon as the component has been detected. If a component made of metal is on the conveyor, it is detected, transported up to the height of the metal magazine and pushed by a cylinder into the metal magazine. If no metal is detected, the component is made of plastic. The plastic component is transported to the end of the belt, where it falls into the plastic magazine. As soon as a component is sorted, the next component can be fed.
[bookmark: _Toc407693030][bookmark: _Toc16585686]Technology diagram
[image: ]
[bookmark: _Ref373930922]Figure 1: Technology diagram
[image: capture_010_09102014_151535_2.png]
Figure 2: Control panel

[bookmark: _Toc407693031][bookmark: _Toc16585687]
Switching on
The station is switched on with the main switch Q0. Relay K0 (main switch "ON") is energized and provides the supply voltage for the sensors and actuators.
This operating state is indicated by indicator light P1 (main switch on)
[bookmark: _Toc407693032][bookmark: _Toc16585688]Operating mode selection
Once the station has been switched on, two operating modes are possible: manual mode or automatic mode. The operating mode is selected using switch S0.
The selected operating mode is indicated by indicator lights P2 (manual mode) and P3 (automatic mode).
[bookmark: _Ref378858821][bookmark: _Toc407693033][bookmark: _Toc16585689]EMERGENCY STOP
In the absence of feedback from the EMERGENCY STOP (A1), all drives must be stopped immediately. 
When feedback from the EMERGENCY STOP function is present again, the station may only start up again after another start signal.
Activation of the EMERGENCY STOP is indicated by indicator lights P4 (EMERGENCY STOP activated).
[bookmark: _Toc407693034][bookmark: _Toc16585690]Manual mode
The station is set up in manual mode.
[bookmark: _Toc407693035][bookmark: _Toc16585691]Retracting and extending the cylinder
After pushbutton S5 (cylinder M4 extend) is pressed, cylinder M4 is extended. When the front-end position is reached (extended position), the cylinder pauses in this position. After pushbutton S4 is pressed, the cylinder retracts. A change of direction is to be possible at any time. When the two pushbuttons are pressed simultaneously, no motion should take place.
[bookmark: _Toc407693036][bookmark: _Toc16585692]Conveyor motor in manual mode
With pushbutton S3 (pushbutton manual mode conveyor M1 forwards), motor Q1 (conveyor motor M1 forwards fixed speed) is moved forward in manual mode. With pushbutton S4 (pushbutton manual mode conveyor M1 backwards), motor Q2 (conveyor motor M1 backwards fixed speed) is moved backward in manual mode. When the two pushbuttons are pressed simultaneously, no motion should take place.
For safety reasons, only the preset speed may be used here. Output Q3 (conveyor motor M1 variable speed) must therefore be deactivated. 

[bookmark: _Toc407693037]

[bookmark: _Toc16585693]Initial state
At station start or after release of EMERGENCY STOP, the station must be moved in manual mode to a defined operating state (initial state). In the initial state, the conveyor is empty and stopped and the cylinder is retracted.
[bookmark: _Toc407693038][bookmark: _Toc16585694]Automatic mode
In automatic mode, the station executes the process (see also Brief description).
[bookmark: _Toc407693039][bookmark: _Toc16585695]Starting and stopping
If the station is in the initial state, automatic mode starts when pushbutton S1 (automatic start) is pressed. When pushbutton S2 (automatic stop) is pressed, automatic mode is ended again as soon as the initial state has been reached.
If EMERGENCY STOP has been tripped or the operating mode changed, automatic mode is ended immediately (without return to the initial state).
The current state is indicated by indicator light P6 (automatic mode started).
[bookmark: _Toc407693040][bookmark: _Toc16585696]Conveyor control
If light sensor B4 (chute occupied) detects a component, the conveyor motor starts. The component slides onto the transport conveyor and is further conveyed.
If inductive sensor B5 detected a metal component, this is transported up to light sensor B6 (part in front of cylinder M4). The conveyor is then switched off. As soon as B3 (sensor motor M1 active) no longer supplies a signal, the Cylinder control (see below) is activated and moves the component into the metal magazine. As soon as the cylinder is retracted again, the sorting station is back in the initial state.
If a metal component was not detected by sensor B5, this is recognized when light sensor B6 (part in front of cylinder M4) is reached. The plastic component is then transported to the end of the conveyor. It is detected there by light sensor B7 and conveyed after a delay time into the plastic magazine at the end of the conveyor.
[bookmark: _Toc407693041][bookmark: _Ref378941804][bookmark: _Ref378859398][bookmark: _Toc16585697]Cylinder control
If a metal component reaches light sensor B6 (part in front of cylinder M4) and the conveyor has stopped, cylinder M4 moves to the front-end position B2 (cylinder M4 extended), thereby pushing the metal component from the conveyor into the metal magazine. Cylinder M4 then moves to the rear end position B1 (cylinder M4 retracted).
[bookmark: _Toc407693042][bookmark: _Toc16585698]
Speed control (conveyor speed)
In automatic mode, the motor can be moved at a fixed or variable speed. 
Fixed speed requires signal "1" at Q1 "Conveyor motor M1 forwards fixed speed" or Q2 "Conveyor motor M1 backwards fixed speed". For variable speed, Q3 "Conveyor motor M1 variable speed" must be activated and a "manipulated value for motor speed" (analog value +/-10 V corresponds to +/- 50 rpm or 10 m/s) must be specified at U1. Signal "1" must not be present at Q1 "Conveyor motor M1 forwards fixed speed" or Q2 "Conveyor motor M1 backwards fixed speed". Otherwise, U1 has no effect on the speed of the conveyor.
[bookmark: _Toc407693043][bookmark: _Toc16585699]Speed control
A speed control can be integrated for control of the conveyor speed. This uses the speed sensor for evaluating the current speed. A speed of 5 rpm corresponds to a conveyor belt speed of 1 m/s.
[bookmark: _Toc407693044][bookmark: _Toc16585700]Indicator lights
As soon as relay K0 (main switch "ON") becomes energized, indicator light P1 (main switch on) lights up.
If switch S0 (mode selector manual/automatic) is set to Manual, the indicator light P2 (manual mode) lights up. If switch S0 is set to Automatic, the indicator light P3 (automatic mode) lights up.
If the EMERGENCY STOP function has tripped, P4 (EMERGENCY STOP activated) lights up.
If automatic mode has been selected and the station is in the initial state, P5 (automatic mode started) flashes to signal that automatic mode can be started. As soon as automatic mode has been started, P5 lights up.
Indicator light P6 (cylinder M4 retracted) lights up as soon as end position sensor B1 (sensor cylinder M4 retracted) has been reached. Indicator light P7 (cylinder M4 extended) lights up as soon as cylinder M4 has reached the front-end position sensor B2 (sensor cylinder M4 extended). Indicator lights P6 and P7 are not lit if the cylinder is located in neither of the two end positions.
[bookmark: _Ref381220277][bookmark: _Toc407693045][bookmark: _Ref381281940][bookmark: _Toc16585701]
Reference list
By default, the S7-1200 has only 14 digital Inputs, 10 digital outputs, 2 analog inputs und 1 analog output. Therefore, the signals shown in the list with blue text are not available for it.
	DI
	Type
	Identifier
	Function
	NC/NO

	I 0.0
	BOOL
	-A1
	Return signal emergency stop OK
	NC

	I 0.1
	BOOL
	-K0
	Main switch "ON"
	NO

	I 0.2
	BOOL
	-S0
	Mode selector manual (0)/ automatic (1)
	Manual = 0
Auto = 1

	I 0.3
	BOOL
	-S1
	Pushbutton automatic start
	NO

	I 0.4
	BOOL
	-S2
	Pushbutton automatic stop
	NC

	I 0.5
	BOOL
	-B1
	Sensor cylinder M4 retracted
	NO

	I 0.6
	BOOL
	-B2
	Sensor cylinder M4 extended
	NC

	I 0.7
	BOOL
	-B3
	Sensor motor M1 active (pulse signal also suitable for positioning)
	NO

	I 1.0
	BOOL
	-B4
	Sensor at chute occupied
	NO

	I 1.1
	BOOL
	-B5
	Sensor metal part
	NO

	I 1.2
	BOOL
	-B6
	Sensor part in front of cylinder M4
	NO

	I 1.3
	BOOL
	-B7
	Sensor part at end of conveyor
	NO

	I 1.4
	BOOL
	-S3
	Pushbutton manual mode conveyor M1 forwards
	NO

	I 1.5
	BOOL
	-S4
	Pushbutton manual mode conveyor M1 backwards
	NO

	I 1.6
	BOOL
	-S5
	Pushbutton manual mode cylinder M4 retract
	NO

	I 1.7
	BOOL
	-S6
	Pushbutton manual mode cylinder M4 extend
	NO











	DO
	Type
	Identifier
	Function
	

	Q 0.0
	BOOL
	-Q1
	Conveyor motor M1 forwards fixed speed
	

	Q 0.1
	BOOL
	-Q2
	Conveyor motor M1 backwards fixed speed
	

	Q 0.2
	BOOL
	-Q3
	Conveyor motor M1 variable speed
	

	Q 0.3
	BOOL
	-M2
	Cylinder M4 retract
	

	Q 0.4
	BOOL
	-M3
	Cylinder M4 extend
	

	Q 0.5
	BOOL
	-P1
	Display "main switch on"
	

	Q 0.6
	BOOL
	-P2
	Display "MANUAL" mode
	

	Q 0.7
	BOOL
	-P3
	Display "AUTOMATIC" mode
	

	Q 1.0
	BOOL
	-P4
	Display "emergency stop activated"
	

	Q 1.1
	BOOL
	-P5
	Display "automatic mode started"
	

	Q 1.2
	BOOL
	-P6
	Display "cylinder M4 retracted"
	

	Q 1.3
	BOOL
	-P7
	Display "cylinder M4 extended"
	

	AI
	Type
	Identifier
	Function
	

	IW 64
	INT
	-B8
	Sensor actual value speed of motor +/- 10V
	

	IW 66
	INT
	-B9
	Setpoint specification via potentiometer +/- 10V
	

	
	
	
	
	

	AO
	Type
	Identifier
	Function
	

	QW 64
	INT
	-U1
	Manipulated value speed of motor in 2 directions +/- 10V
	



	Legend for reference list

	DI
	Digital Input
	DO
	Digital Output

	AI
	Analog Input
	AO
	Analog Output

	I
	Input
	O
	Output

	NC
	Normally Closed (Öffner)
	
	

	NO
	Normally Open (Schließer)
	
	




[bookmark: _Toc407693046][bookmark: _Toc16585702]
Description of components of the station
[bookmark: _Toc407693047][bookmark: _Toc16585703]Manual operation 
[bookmark: _Toc407693048][bookmark: _Toc16585704]Pushbuttons
The utilized pushbuttons can supply either a "0" or "1" signal. Depending on whether you have planned them as normally closed or normally-open contacts (see Reference list), they supply a "1" or "0" signal when not actuated. The signal changes to "0" or "1" only while the pushbutton is being pressed.
[bookmark: _Toc407693049][bookmark: _Toc16585705]Switches
The utilized switches can also supply either a "0" or "1" signal. Depending on whether you have planned them as normally closed or normally-open contacts (see Reference list), they supply a "1" or "0" signal when not actuated. The signal changes to "0" or "1" when the switch is actuated. This signal is present as long as the switch is not actuated again.
[bookmark: _Toc407693050][bookmark: _Toc16585706]Feedback from EMERGENCY STOP pushbutton
EMERGENCY STOP pushbuttons are pushbuttons with an additional mechanical lock and are connected to a safety relay. They thus behave like a switch. The EMERGENCY STOP feedback from the safety relay is planned as a normally closed contact for safety reasons. If a wire break occurs, therefore, this feedback is no longer present and the station responds as if an EMERGENCY STOP has tripped.
[bookmark: _Toc407693051][bookmark: _Toc16585707]Sensors
[bookmark: _Toc407693052][bookmark: _Toc16585708]Position switches
A main switch is actuated to switch on the station. This energizes a relay and supplies the power to the station. A position switch provides feedback on the operation of the relay.
[bookmark: _Toc407693053][bookmark: _Toc16585709]Limit switches
The limit switches supply a signal when the cylinder is either fully retracted or extended. The limit switches are implemented as normally-closed or normally-open contacts.
[bookmark: _Toc407693054][bookmark: _Toc16585710]Light barriers / optical sensors
The light barriers supply a "1" signal as soon as an object is in the sensing range.

[bookmark: _Toc407693055]

[bookmark: _Toc16585711]Metal detection / Inductive sensor
The inductive sensor supplies a "1" signal as soon as a metallic object enters its sensing range. In the case of non-metallic objects, the signal remains at "0".
[bookmark: _Toc407693056][bookmark: _Toc16585712]Motor speed
The motor speed is recorded by an incremental encoder at the conveyor motor and provided as an analog value via a transducer. The speed falls within the range from -50 rpm to 50 rpm. That corresponds to a conveyor belt speed of -10 m/s to +10 m/s.
In addition, pulses are received at "Sensor conveyor motor M1 active" that can also be used for positioning. The resolution is 20 pulses per total conveyor belt length (10 m).
[bookmark: _Toc407693057][bookmark: _Toc16585713]Actuators
[bookmark: _Toc407693058][bookmark: _Toc16585714]Conveyor motor
The conveyor motor drives the conveyor belt. It has multiple signal combinations so that the conveyor belt can be moved at fixed or variable speed in both directions. 
Fixed speed requires signal "1" at Q1 "Conveyor motor M1 forwards fixed speed" or Q2 "Conveyor motor M1 backwards fixed speed". For variable speed, Q3 "Conveyor motor M1 variable speed" must be activated and a "manipulated value for motor speed" (analog value +/-10 V corresponds to +/- 50 rpm or 10 m/s) must be specified at U1. Signal "1" must not be present at Q1 "Conveyor motor M1 forwards fixed speed" or Q2 "Conveyor motor M1 backwards fixed speed". Otherwise, U1 has no effect. Simultaneous activation of signals Q1 and Q2 causes the conveyor to stop and must be prevented by the control program.
[bookmark: _Toc407693059][bookmark: _Toc16585715][bookmark: _GoBack]Cylinders
Cylinder M4 is controlled using two separate signals. Activation of one signal (M3) causes the cylinder to extend and activation of the other signal (M2) causes the cylinder to retract. The signals must not be activated simultaneously, otherwise an undefined state occurs and the cylinder pauses at its position. This must be prevented by the control program.
[bookmark: _Toc407693060][bookmark: _Toc16585716]Displays
All indicator lights are located on the control panel. If signal "1" is present, these indicator lights illuminate.

[bookmark: _Toc407693061][bookmark: _Toc16585717]
Brief description of the simulation
The simulation of the sorting station consists of 9 diagrams. The 01_operating screen diagram is important for operation (see Figure 3), which contains the control panel and a representation of the station.
[image: ]
[bookmark: _Ref400632059]Figure 3: The operating screen


Figure 4 shows the 02_simcontrol diagram. It allows important simulation settings to be made. The first settings affect the creation of the components. Here, you can select between automatic and manual creation of components. With automatic creation of components, a new component is always created and sent to the station when the previous component has been sorted. A single component is created with manual creation of components. The next settings allow you to specify whether a metal component or plastic component will be created. The following selections are available: Produce only metal components, Produce only plastic components and Randomly produce metal or plastic components Only one of the three options should be selected.
[image: ]
[bookmark: _Ref400632108]Figure 4: Simulation control
In the "Manual specification of an analog value" area, a value between -50 and +50 can be set for input word IW 66 (see Reference list). This corresponds to an input voltage of -/+10 V. This value is then converted to a digital value between -27648 and +27648 and is thus available as an analog input value. 
[bookmark: _Toc482878029]The last setting concerns the manual resetting of the current component. This resets the position of the component and a new component can be created.

[bookmark: _Toc16585718]Additional information 
More information for further practice and consolidation is available as orientation, for example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software / firmware, under the following link:	 

siemens.com/sce/s7-1200

Preview „Additional information“ 
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