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Linkage System Kinematics
Date:	October 3, 2015

What follows are images taken from a Sketchup Model of a heat recovery AHU.   
[image: ]
The Heat Recovery Air Handling Unit Model Behind the Images Below
I typically use the model in class, so if you are getting this handout in the context of the class, you probably have a version of the model that you can explore to zoom in on things, etc. if you wanted to.  If you elect to do that, there are “Scenes” saved in the model that will index it to some of the images, which includes rotations, zooms, and turning off layers to make certain parts of the model more visible.  So if you want to explore one of the images in greater detail, you may find it desirable to select the scene associated with it as a starting point.
You can access the scenes via the tabs across the top of the workspace or by opening up the “Scene Manager” window.  It may be helpful to turn on the “Layer Manager” so you can turn layers on and off.  All of this is illustrated below in the three figures that follow.
[image: ]You could access this scene via the tabs across the top of the work space window or via the scene manager

Accessing Scenes in Sketchup
[image: ]The tab labeled “Window” will open a drop-down menu that allows you to select which windows you want to have active on your work area.  In this screen shot, the “Scenes” window (to the left, green highlight) and the “Layers” window (upper right corner, blue highlight) both are active but collapsed to make more of the workspace visible. 
If you click on the header of any of the windows, you can collapse them up or open them back up if they are collapsed

Accessing the Scene Manager and Other Windows
[image: ]In this image, I turned off the yellow reference plane and the lines that were on it by un-checking the box associated with that layer.

Turning Layers On and Off
The following image will help define a bunch of the nomenclature associated with damper actuators and linkage systems.
[image: ]
Linkage System Nomenclature
The damper actuator in the foreground in the picture rotates 90° to go through its full stroke, moving the blades on the damper it is connected to via the linkage system between it and the drive blade on the damper assembly.   The damper actuator rotates its crank arm clockwise when it is commanded to open the damper and counter clock-wise when it is commanded to close the damper.  For all intents and purposes, the torque delivered to the crank-arm by the actuator output shaft is uniform through the entire stroke.  It is in the fully closed position in the image below.  
[image: ]
The System We Will Study
One of the points of the linkage lab is that if you think about the physical relationships between crank arms, links, etc. you can often figure out how the linkage system will move and how the device it is attached to work.   For instance, based on the image, you can figure out if the damper that is being controlled is an opposed blade or parallel blade damper.

[image: ]
Let’s start by figuring out which way the damper blade rotates when the actuator shaft rotates clockwise.  To do that, I am going to insert a transparent reference plane into the picture that will let me draw circles and lines on it to represent the path various components will take.   If I were to replace the ball joint on the actuator crank arm with a pencil that could draw on the reference plane, I would discover that as the actuator rotated clockwise, the pencil would draw a circle around the centerline of the actuator output shaft, as illustrated below.
[image: ]
Path of the Actuator Ball Joint as the Actuator Crank Arm Rotates
Similarly, the ball joint on the blade clip would also draw a circle as the blade rotated.
[image: ]
Path of the Blade Clip Ball Joint as the Damper Blade Rotates
If we add a direction arrow to the actuator image and recognize that it will pull the damper blade clip along with it as it rotates, we discover that rotating the actuator shaft clockwise will cause the blade clip on the drive blade of the actuator to rotate counter clockwise.
[image: ]
Actuator Crank Arm and Blade Clip Direction of Motion
If we flip to look at the other side of the damper frame, where we can see the damper linkage system that is installed between the various blades, we can start to understand how the counter clockwise blade clip rotation will cause the other blades of the damper to move.   
As a starting point, we have to recognize that since we are now looking at the system from behind, relative to the perspective in the image above (in other words, we are now looking at the back of the mounting bracket) the rotation of the blade clip (the tip of it is just visible above the damper frame to the left and below the mounting bracket) will be clockwise simply because we are looking at it from the other side.   That is indicated by the green arrow in the figure below.
[image: ]
The drive blade would also cause the links attached to it to move in the direction indicated below by the straight green arrows.
[image: ]
Linkage Motion Produced by the Drive Blade Rotation
This, in turn, would cause the other blades connected directly to the linkage to rotate in the same direction as the drive blade, as indicated by the blue arrows below.  Note how the links only connect to every other blade.
[image: ]
Blade Rotation Produced by the Motion of the Linkage Connected To Them
Finally, the reversing links (the ones with the bend in them) would transmit the motion to the remaining blades as indicated by the blue straight arrows below.
[image: ]
Motion Produced by the Reversing Links
The motion of the reversing links will cause every other blade to rotate in the opposite direction from the one adjacent to it, thus, opposed blade action, as illustrated by the red arrows below.
[image: ]
Rotation of the Blades Connected to the Reversing Links
A parallel blade damper is a bit simpler.  The one I will use in this example is a direct drive damper, meaning the actuator output is clamped directly to a shaft extension from the drive blade on the damper.  The drive blade shaft centerline is the same line as the actuator output coupling centerline.  In the image below, you can see the damper shaft extension extending through the actuator (the orange box) with the actuator output coupling clamped to it.
[image: ]
A Direct Drive Parallel Blade Damper and Actuator
If you were to remove the actuator (the orange colored box), you would expose the shaft extension assembly, which you see in the next figure.

[bookmark: _GoBack]
[image: ]
If you remove the shaft extension assembly you can see the parallel blade damper linkage.  Note how all of the blades are connected to the same link vs. the opposed blade damper, which only had every other blade connected to the straight link and also had reversing links.
[image: ]
When the actuator rotates the drive blade (the left-most blade in this illustration), as illustrated by the green arrow below …
[image: ]
… the linkage transmits that motion to the other blades, as indicated by the straight green arrow in the picture below.
[image: ]
That, in turn, causes the other blades to rotate in the same direction as the drive blade, creating a parallel blade action as illustrated by the blue arrows below.
[image: ]


Question 9
In which direction does the damper drive blade rotate when the actuator crank arm drives towards the open position? Circle the correct option from below. One available point

The blade will rotate clockwise
The blade will rotate counter-clockwise



[image: ]
Linkage Motion

Question 10
At approximately what point in its stroke will the actuator and drive system deliver the maximum amount of force to the drive blade on the damper assembly via the rod linking the crank arm with the drive clip on the blade? Circle the correct option from below. One available point

Maximum force will be applied to the rod linking the crank arm with the drive clip at or near the end of the stroke.

The force will applied to the rod linking the crank arm with the drive clip will be the same through-out the entire stroke.

Maximum force will be applied to the rod linking the crank arm with the drive clip at approximately mid stroke.

Maximum force will be applied to the rod linking the crank arm with the drive clip at or near the beginning of the stroke.
[image: ]
The torque from the actuator shows up as a vector that is applied perpendicular to a line from the center of the shaft to the center of the ball joint
[image: ]
Only the component of the torque vector (the purple arrow) that is aligned with the linkage between the actuator crank arm and the damper blade clip will provide useful force for turning the damper blade (the blue arrow).  The rest of the force will simply tend to try to bend things or shift the actuator on its mount (the red arrow)
 [image: ]
As the actuator crank arm rotates, the angular relationships between the link and the crank arm change
[image: ]
At one point, approximately mid stroke the relationship (in this particular mount and linkage system) will be such that all of the torque is applied perpendicular to the actuator crank arm and thus is available to produce damper blade rotation.  But bear in mind, a similar thing is happening at the other end of the link.  In other words, as the blade rotates, the angle between the link rod and blade clip will vary and the same vector relationships will apply.  There will be pone point where the full force transmitted down the link will be perpendicular to the blade clip crank arm, but it’s probably not at the same point where the actuators torque is all applied perpendicular to the actuator crank arm.

Question 11
Is the damper in the image below an opposed blade damper or a parallel blade damper? One available point
Opposed blade
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Appendix 1
SketchUp Resources
You can download the free version of Sketchup by going to http://www.sketchup.com/ and following the directions there.  There is a version for Windows based PCs and a version for MACs.  Once you have downloaded and installed it, you can learn the basics about how to move around inside a model by taking a look at one or more of these YouTube video tutorials. 
· http://tinyurl.com/SketchupBasics  and http://tinyurl.com/SketchupBasicsPart2 will show you how to make a basic 3D model along with how to orbit and zoom around inside Sketchup.  This video will simply reinforce some of the ideas that show up in the other two videos and will also show you how to get started if you are intrigued by 3D modeling and want to give it a try yourself.  It really is pretty easy to pick up the basic skills and start building your own models.
· http://tinyurl.com/SketchupNavigationBasics will show you the basics of navigation in Sketchup, which is all you really need to know if you just want to look around in a model.
· http://tinyurl.com/MeasuringInSketchup will show you how to measure distances in Sketchup, which will make one of the exercises we might do a bit easier.
An even deeper resource is the Sketchup YouTube Channel, illustrated below:
[image: ]
http://tinyurl.com/SketchupYouTubeChannel
If you page down a bit, you come to a number of tutorials on basic functions if you are interested in knowing other things besides the basics you need to know to get around in the model.
[image: cid:image002.png@01D0CB94.8743CBF0]
Sketchup Tutorials
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