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Sequencing Experiments
Purpose
The purpose of this demonstrator is to demonstrate how actuators can be sequence via the appropriate selection of spring ranges, how process loads can shift the spring ranges from those stated in the actuators specifications, and how a positioning relay can be used to re-establish proper sequencing under process load conditions.
The experiment assumes that the actuator on the left represents an actuator associated with a normally open preheat coil valve while the actuator on the right represents and actuator associated with an economizer cycle (i.e. a cooling process).  The spring ranges were selected so that an increasing pressure will modulate the preheat valve closed and then modulate the economizer maximum outdoor air damper open and the  return air damper closed to use outdoor air for cooling
Experiment 1 – Observing the “Out-of-the-box” Response
1. Prior to proceeding verify that the positioning relay is disconnected from the arm on the actuator shaft and that the control signal is connected directly to the actuator.  Using the knob, start at 2 psi and increase the signal to the actuators in 1 psi increments.  At what pressure does the preheat coil actuator start to move?  	
2. At what pressure does the preheat actuator reach full stroke and what is the stroke of the actuator? 	
3. At what pressure does the economizer actuator start to move? 	
4. At what pressure does the economizer actuator reach full stroke and what is the stroke of the actuator? 	
5. Do the observations match the stated start points and spring ranges for the actuators?  If not, why do you think there could be differences? 
			
Experiment 2 – Observing the “Out-of-the-box” Response with a Process Load Applied to the Preheat Actuator
1. Place the bench weights into the bread pan supported by the preheat coil actuator.  These weights represent the force that water flowing through the preheat valve might generate as it pushes on the valve plug (the part of the valve the shuts off and regulates flow).  Using the knob, start at 2 psi and increase the signal to the actuators in 1 psi increments.  At what pressure does the preheat coil actuator start to move? 	
1. At what pressure does the preheat actuator reach full stroke and what is the stroke of the actuator? 	
1. At what pressure does the economizer actuator start to move? 	
1. At what pressure does the economizer actuator reach full stroke and what is the stroke of the actuator? 	
1. How does the response of the system with a load on the preheat actuator differ from the “out-of the box” response?  
			 	
6. What are the implications of your observations if these actuators were serving an operating HVAC system?
						
Experiment 3 – Adding a Pilot Positioner (a.k.a. a Positive Positioning Relay) to the System to Restore Sequencing
The tan colored cylindrical device mounted on the preheat coil actuator is a pilot positioner.  This device is connected to the actuator shaft so it knows if the actuator shaft moves.  It also is connected to the control signal, so it knows if the control system wants the shaft to move.  Finally, it is connected to a supply of air.  This allows it to supply air to the actuator until it moves enough to satisfy the requirements of the control signal.    The thin disc on the top of the positioner allows its start point to be adjusted.  The tension of the spring connected between it and the arm on the actuator shaft controls its span; i.e. the pressure change that needs to occur to cause it to move the actuator through its full stroke.  The spring’s span needs to match the actuator’s span.  
1. Proceed with the experiment by lowering the control signal to minimum.  Disconnect the actuator from the control signal and connect it to the output from the pilot positioner.  Also select the thinner of the two available springs (the 5 psi span spring) and connect one end of the spring to the holes in the arm mounted on the actuator shaft.  Connect the other end of the spring to the chain coming out of the pilot positioner so that the spring just starts to put tension on the chain with the actuator fully retracted.  Increase the control signal to 3 psi and turn the start point disc on the top of the positioner so that the preheat valve actuator just starts to extend.
1. Repeat the steps you did previously (step the actuators through their stroke in 1 psig increments) and observe the response of the system with and with out the weights in the preheat coil actuator bread pan.  How does the response differ from the response you observed before the pilot positioner was connected?
			
7. Install the heavier 10 psig spring in place of the 5 psig spring and repeat the experiment.  How does the response of the system differ from what you observed in step 2?
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