


	
		×
		

	






    
        
            
                
                    
                        
                    
                

                
                    
                        
                            
                            
                        

                    

                

                
                    
                                                    Log in
                            Upload File
                                            

                

            


            	Most Popular
	Study
	Business
	Design
	Technology
	Travel
	Explore all categories


        

    





    
        
            
                
                    
                

                

                    
                        2. cascade control -detailslucienne.landau.free.fr/.../cours/10__cascadecontrol.pdf1 cascade control...

                    


                    
                        
                            	Home
	Documents
	2. Cascade control -detailslucienne.landau.free.fr/.../Cours/10__CascadeControl.pdf1 Cascade control • Statistical Process Control • Feedforward and ratio control •Cascade control


                        

                    


                    




    
        
            
                
                    
                        

                        
                        
                    

                    
                        
						1

19
                        
                    

                    
                        
                        100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                        
                    

					
                

            


            
                
                    
                    
                    
                

                
                    

                    

                    
                        
                         Match case
                         Limit results 1 per page
                        

                        
                        

                    

                

            

            
									
    
        
        

        

        

        
        
            1 Cascade control • Statistical Process Control • Feedforward and ratio control • Cascade control • Split range and selective control • Control of MIMO processes 2 Cascade control Structure of discussion : • Cascade control – summary • Cascade control – details • Class case study • Design issues • Case study 1: Cascade control of temperature in a plant for manufacturing ointments and creams • Case study 2: Control of a pasteurisation unit • Virtual laboratory: cascade control • Lifelong learning • Questions and Answers 3 1. Cascade control - summary A fast inner ‘slave’ loop is used to compensate for changes in the controlled variable before they can disturb the outer ‘master’ control loop. Example: When the fuel gas pressure varies, the slave flow controller corrects for this, and maintains the desired flow. Without the cascade controller, the temperature controller would eventually adjust for the reduced fuel flow, but after the temperature has dropped. Cascade control can speed up control response, help eliminate disturbances and compensate for non-linearities. The slave loop is tuned before the master loop, and is typically tuned so it acts five times faster than the master loop. Often, the slave controller is in P form, with the master controller being in PI form. 4 2. Cascade control - details Reference: Marlin, D.E. (2000). Process control, Chapter 14. 
        

        
    






				            

        

    









                    
                        
							Upload: others
                            Post on 04-Aug-2021

                            14 views

                        

                        
                            Category:
 Documents


                            0 download

                        

                    


                    
                        
                            Report
                        

                                                
                            	
                                    Download
                                


                        

                                            


                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                                    
Pinterest

                        
                    


                    
                

                

                    
                    
                        Embed Size (px):
                            344 x 292
429 x 357
514 x 422
599 x 487


                        

                    

                    

                    

                    
                                        
                        TRANSCRIPT

                        Page 1
                        

1
 Cascade control
 • Statistical Process Control• Feedforward and ratio control
 • Cascade control• Split range and selective
 control• Control of MIMO processes
 2
 Cascade controlStructure of discussion:
 • Cascade control – summary• Cascade control – details
 • Class case study• Design issues
 • Case study 1: Cascade control of temperature in a plant for manufacturing ointments and creams
 • Case study 2: Control of a pasteurisation unit
 • Virtual laboratory: cascade control• Lifelong learning
 • Questions and Answers
 3
 1. Cascade control - summaryA fast inner ‘slave’ loop is used to compensate for changes in the controlled variable before they can disturb the outer ‘master’ control loop.Example: When the fuel gas pressure varies, the slave flow controller corrects for this, and maintains the desired flow. Without the cascade controller, the temperature controller would eventually adjust for the reduced fuel flow, but after the temperature has dropped.
 Cascade control can speed up control response, help eliminate disturbances and compensate for non-linearities. The slave loop is tuned before the master loop, and is typically tuned so it acts five times faster than the master loop. Often, the slave controller is in P form, with the master controller being in PI form.
 4
 2. Cascade control - details
 Reference: Marlin, D.E. (2000). Process control, Chapter 14.
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 3. Class case study
 14Task: Design a cascade controller to improve performance
 15 16
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21 22
 Technology note: Modern positioners provide diagnosis of the valve behaviour, transmitted digitally (for later evaluation). This is useful in maintenance and troubleshooting.
 23
 We can combine cascade and feedforward control ….
 24
 In summary …
 • A cascade is a hierarchy, with decisions transmitted from upper to lower levels.
 • No communication flows up the hierarchy.
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25
 In summary .. Furnace temperature control system
 Reference: Seborg, D.E. et al. (2004). Process dynamics and Control, 2nd edition, Chapter 15.
 Conventional feedback • Satisfactory job of controlling hot oil T, despite disturbances in oil flow rate of cold oil temperature.
 • If a disturbance occurs in the fuel gas supply P, fuel gas flow changes, changing furnace operation, changing hot oil T.
 • Only then, the T controller takes corrective action by adjusting the fuel gas flow via the control valve.
 • Anticipate that this control will result in a slow response to changes in fuel gas supply P.
 26
 In summary .. Furnace temperature control system
 • Now, the control valve is adjusted rapidly to the detection of changes in supply pressure; these changes have then little effect on furnace operation and exit oil temperature.
 • Some (lesser) performance improvement for changes in oil flow rate or inlet temperature; feedforwardcontrol may be desirable for these disturbances.
 Cascade
 27
 Another thought experiment
 28
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29
 Tutorial question
 Reference: Marlin, T.E. (2000). Process Control, 2nd edition,
 Chapter 14.
 30
 Solution
 31 32
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 Previous exam question
 34
 35 36
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 4. Design issues
 • Two feedback controllers but only a single control valve (or other final control element).
 • Output signal of the master controller is the set-point for the slave controller.
 • Two feedback control loops are nested, with the slave (or secondary or inner) control loop inside the master (or primary or outer) control loop.
 • The secondary loop should reduce the effect of one or more disturbances.
 • The secondary loop should be at least 3 times faster than the primary loop.
 • The secondary loop should be tuned tightly.
 Features of cascade control
 38
 5. Case study 1: Cascade controlof temperature in a plant for
 manufacturing ointments and creams
 Acknowledgements: This part of the presentation was prepared with the assistance of Ms. A. O’Reilly, Leo Laboratories Ltd.
 • Products• Plant Overview• Process Control System• PID Control of Plant Temperature• Cascade Control Strategy • Cascade Control of Plant Temperature• Summary
 39
 Typical Creams and Ointments manufactured in P4 Plant
 40
 P4 Manufacturing Plant
 • Process Control System– Machine control– Recipe management– Operator process
 visualisation– Alarm monitoring– Batch recording– Process parameter
 trending
 • Temperature Control– Jacketed Vessel
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41
 SCADA Interface
 42
 Process Control Network
 43
 Product Single Loop Temperature Control
 44
 Product single loop temperature control
 Single PID ControllerPB = 0.3 % Ti = 300 sTd = 120 s
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45
 Single Loop Control of Ointment Temp. - unsatisfactory
 Tem pera ture Control be fore Mods
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 46
 Cascade Control Strategy• Combines two feedback controllers• Primary controller output serves as the secondary
 controller’s set-point• Compensates for disturbances
 FAST LOOP
 SLOW LOOP
 47
 Cascade Control Implementation
 48
 Cascade Control of Ointment TemperatureTemperature Control After Mods
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49
 In conclusion• Reasons for cascade control:
 – Allow faster secondary controller to handle disturbances in the secondary loop.
 – Allow secondary controller to handle non-linear valve and other final control element problems.
 – Allow operator to directly control secondary loop during certainmodes of operation (such as start-up).
 • Requirements for cascade control: – Secondary loop process dynamics must be at least four times as fast
 as primary loop process dynamics. – Secondary loop must have relevant sensors and actuators.
 • Reasons not to use cascade control:– Cost of measurement of secondary variable (assuming it is not
 measured for other reasons). – Additional complexity.
 50
 6. Case study 2: Control of a pasteurisation unit at Teagasc, Moorpark
 Research Centre, Fermoy, Co. Cork
 Acknowledgements: This part of the presentation was prepared with the assistance of Mr. P. Murphy and Dr. T. O’Mahony, Cork Institute of Technology.
 • Kill harmful bacteria and fungi
 • Extend shelf-life
 Objectives of pasteurisation
 Methodology
 High temperature for a short time (72 degrees C for 15 seconds).
 51
 Single loop PID control of individual temperatures
 text
 HeatingSection
 Regenerator
 HOT WATER IN
 BrazedHeat Ex.
 RAWMILK IN
 STEAMFLOWVALVE
 CoolingSection
 ChilledWater In
 ChilledWater Out
 Holding Tube
 Tetra Plex C3Plate HeatExchanger
 ChilledMilk Out
 T T
 PIDControllerSetpoint
 STEAM
 T T
 T T
 T T
 T T
 T T
 T TF T
 HOT WATER OUT
 CIP FlowDivert
 Start of holding tube configuration
 52
 End of holding tube configuration
 text
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53
 Cascade controller configuration
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 54
 7. Virtual laboratory – cascade controlAssociated virtual laboratory: feedforward control.
 55 56
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57 58
 59 60
 8. Lifelong learningBooks:1. Seborg, D.E. et al. (2004). Process dynamics and control, 2nd edition, Chapter
 16.2. Marlin, T.E. (2000). Process control, Chapter 14.
 Trade magazines (e.g. Control Engineering) often have web-accessible tutorial articles on aspects of cascade control. One example of these articles is:Gerry, G. (1991). Tune loops for load upsets versus setpoint changes, Control, September. http://www.expertune.com/artcon91.html
 Finally, there are many web based tutorials and discussions on the basics of cascade control. One example:“Cascade Control”, J.A. Shaw, http://www.jashaw.com/pid/cascade.html
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61
 Which of the following statement(s) does NOT appear in the cascade control design criteria ?
 • The secondary variable must indicate the occurrence of an important disturbance.
 • Only one valve can influence the secondary and primary variables• The secondary variable dynamics must be faster than the primary variable dynamics.
 • There must be a causal relationship between the manipulated and secondary variables.
 Question and Awnser
 Answer: Only one valve can influence the secondary and primary variables. Although cascade control uses only one valve, many valves can influence the primary and secondary variables. For the example in the figure, the feed valve v2 also affects both secondary and primary variables, but v2 would not be used for cascade control because of the speeds of response.
 62
 True or false?
 Question
 • The secondary variable in a cascade can respond to more than one disturbance.
 • Cascade control is limited to two levels, because of the delay in passing the decisions down the levels of controllers.
 • The principle reason for cascade control is to provide improved responses to set point changes.
 • Cascade control requires more instrumentation than the equivalent single-loop control.
 63
 Answer• The secondary variable in a cascade can respond to more than one disturbance.
 True, the cascade control system shown compensates for disturbances in- heating oil pressure- heating oil temperature- feed temperature- feed flow rate (partially)
 • Cascade control is limited to two levels, because of the delay in passing the decisions down the levels of controllers.
 False, multiple levels are possible! There is essentially no delay in passing a signal from the top controller to the valve. Remember that every level must conform to the cascade controller design rules.
 • The principle reason for cascade control is to provide improved responses to set point changes.
 False, there is virtually no improvement in the control performance for setpoint changes. 64
 Answer - continued• Cascade control requires more instrumentation than the equivalent single-loop control.
 True. Note that instrumentation includes valves, sensors and signal transmission. To add a secondary control loop, a secondary sensor and controller are both needed.This added cost is often very small compared with the substantial benefits gained through cascade performance.

Page 17
                        

65
 Cascade control involves two controlled variables, but only one valve ?
 • The description is not correct; cascade involves two controlled variables and two valves.
 • The description is not correct; cascade involves one controlled variable and one valve.
 • Cascade control involves two controlled variables, but only the primary variable is controlled independently by the valve.
 Question
 66
 Answer• The description is not correct; cascade involves two controlled variables and two valves.
 No, as shown in the figure, cascade control involves two (or more) controlled variables and only one valve.
 No, see above explanation.
 • Cascade control involves two controlled variables, but only the primary variable is controlled independently by the valve.
 • The description is not correct; cascade involves one controlled variable and one valve.
 Yes. Only the primary controlled variable can be maintained at an independently determined value by adjusting the one control valve. The secondary variable is influenced by the valve, but it is also influenced by unregulated disturbances. The value of the secondary variable depends on all (secondary) disturbances and the position of the control valve.
 67
 Which of the following statements are true for a valve positioner ?
 • It is a secondary in a cascade control system.• It uses no measured variable.• It can improve the control performance for a slow feedback control loop.
 Question
 68
 Answer• It is a secondary in a cascade control system.
 Yes, the valve positioner is a feedback controller that can reduce the effects of a 'sticky' valve that does not attain the desired % opening without the positioner.
 No, the measured variable is the mechanical position of the valve stem.
 • It can improve the control performance for a slow feedback control loop.
 • It uses no measured variable
 Yes. A valve positioner can improve the performance by reducing the effects of a 'sticky' valve. Naturally, the loop remains slow and might not performance satisfactorily, depending on the required performance.
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69
 How many process reaction curve experiments are required to tune the controllers in a two-level cascade?
 • One step change to the valve to determine the dynamics of both controlled variables.
 • Two steps, one to the valve and the other to the secondary controlled variable
 • Two steps, one to the valve and the other to the set point of the secondary variable.
 Question
 70
 Answer• One step change to the valve to determine the dynamics of both controlled variables.
 No, this experiment is good for the dynamics of the secondary variable, but another experiment must be done. What is the manipulated variable in the primary loop?
 No, almost right ! What is the manipulated variable in the outer loop?
 • Two steps, one to the valve and the other to the set point of the secondary variable.
 • Two steps, one to the valve and the other to the secondary controlled variable.
 Yes, this is the correct way to tune the controllers. The valve is the manipulated variable in the inner loop and thesetpoint of the secondary variable is the manipulated variable in the outer loop.
 71
 Cascade control may be designed for the fired heater in the figure. Cascade control is effective for which of the following disturbances?
 • A sticky control valve• A disturbance in fuel temperature• A disturbance in fuel composition• A disturbance in fuel source pressure
 Question
 72
 Answer• A sticky control valve
 Yes, the dynamics of the secondary loop are very fast, thus if the valve "sticks" the problem could be attenuated immediately by the secondary controller.
 No, for cascade control to be effective, the secondary sensor must be able to indicate the occurance of an important disturbance. The secondary sensor in this case is a flowmeter and could not detect a change in fuel temperature. Anyway, the effect of changes in fuel temperature would likely be small.
 • A disturbance in fuel composition
 • A disturbance in fuel temperature
 Yes, an increase in fuel pressure would be accompanied by a change in fuel flow rate. This disturbance would be measured by the flow meter and could be attenuated to by the secondary loop. The attenuation might not be perfect because an orifice meter would be affected by the density change associated with the pressure change of the fuel gas.
 • A disturbance in fuel source pressure
 No, the change in composition of the fuel would not be reliably determined by a flow sensor.
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73
 A stirred tank chemical reactor is shown in the figure. We want to control AC-1. What is the best cascade design for the disturbances shown in the figure?
 • AC-1 outer loop, TC-1 inner loop, Vc manipulated variable • AC-1 outer loop, AC-2 inner loop, Vc manipulated variable • AC-1 outer loop, AC-2 inner loop, Va manipulated variable
 Question
 74
 Answer• AC-1 outer loop, TC-1 inner loop, Vc manipulated variable
 No, the temperature will not provide a rapid measurement of the disturbance. In fact, if the heat of reaction is small, the temperature will not provide a measurement of the disturbance.
 No, the feed composition analyzer will provide a rapid measurement of the disturbance, but the coolant flow rate (vc) does not affect the FEED composition. Therefore, a feedback secondary controller would not function -no causal relationship, no feedback!
 • AC-1 outer loop, AC-2 inner loop, Va manipulated variable
 • AC-1 outer loop, AC-2 inner loop, Vc manipulated variable
 Yes, the feed composition will provide a rapid measurement for the disturbances, and the pure A valve will provide rapid compensation. We would have to make sure that the valve has sufficient range in adjusting the flow rate to compensate for the expected magnitude of disturbances
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