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Linkage Experiments
Purpose
The purpose of the linkage demonstrator is to provide hands-on experience with field issues that come up with linkage systems, including the nonlinear relationship between actuator stroke and damper rotation, actuator force and force available to produce torque, and hysteresis.  
While the two demonstrators that are available generally allow the same experiments to be performed, there are some slight differences and if possible you should spend time with both demonstrators.
· The linkage demonstrator with the actual damper assembly also allows you to observe the details of damper construction and to contrast a conventional damper blade with an airfoil damper blade and observe different blade seal arrangements, including jamb seals.
· The linkage demonstrator with multiple actuators allows you to contrast an actuator assembly where the actuator pivots as it moves through its stroke with an actuator that remains fixed by provides a swivel joint in the shaft to accommodate relative motion.
Note that the work of the previous group may have left the linkage system in a less than optimal arrangement as a starting point for your experiment.
Experiment 1 – Converting Linear Motion to Rotary Motion
1. Gradually increase and then decrease the air pressure to the actuator while watching it move.  What happens to the actuator as its shaft extends and rotates the damper blade??
			
2. If you are working with the demonstrator that has two actuators, repeat the preceding with the 2nd actuator.  How does the motion of this actuator and its related linkage differ from what you observed for the upper actuator? 
			
3. Do you think this would make a difference in how dampers connected to these different actuator mounting and linkage arrangements would perform, and if so, what do you think the differences would be? 
								
Experiment 2 – Assessing the Force Available to Rotate the Damper Blades as an Actuator Goes through Full Stroke
The force produced by the piston actuator acts in a line parallel with the piston actuator shaft.  Only the component of this force that is applied perpendicular to the damper shaft crank arm is available to produce torque and/or blade rotation.  The other component will act to bend the damper shaft.  
1. Use an inclinometer to measure damper blade rotation.  Starting with 2 psig, increase the signal to the system.  Do the damper blades rotate the same amount for each psi pressure change?
			
2. Based on the angle between the actuator shaft and the crank arm, is the torque available at the damper blade the same for the different positions generated by the pressure changes? 
			
3. Decrease the pressure in 1 psig increments and observe the response of the actuators and linkage systems.  Does the response in the reverse direction mirror the response in the forward direction?  If not, what are the differences?
		
	
4. Do you think this relationship would change if the geometry between the damper shaft and the crank arm at the beginning of the stroke were changed?
			
5. Based on your observations, what do you think happens to the amount of torque available to rotate the damper blades and/or compress the blade seals at the end of the stroke as the actuator moves through its full stroke? 
			
6. How do you think the performance of the system served by these dampers would be impacted by the effects you have observed? 
			
7.  If a centerline drive actuator were used instead of a piston actuator, how m any of the issues you have observed would be eliminated and how many would still need to be considered?
			
Experiment 3 – Assessing Different Crank Arm to Damper Blade Angles
1. As time permits, experiment with different angles between the crank arm and the damper blade at the start of the stroke as well as the angle between the crank arms on the two interconnected dampers.  Document you observations below.  
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