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Overview

One of the major issues needed to be resolved with this year’s human powered submarine is that of neutral buoyancy.  With neutral buoyancy, the righting moment is a crucial property that needs to be calculated in order to maintain the submarine’s traveling integrity.  The righting moment is a motion caused by an eccentricity between the center of gravity and the center of buoyancy in the hull of a submarine (Figure 4.4.1).  The weight of the submarine pushes down at the center of gravity and the water pushes back at the point of center of buoyancy. When these two points on the hull of the boat are not equal, this is what causes the righting moment.  If the center of buoyancy is able to return the submarine to an upright position then it is said to have a positive righting moment.  However, if the center of buoyancy is, for any reason, unable to return the submarine to an upright position, then it is said to have a negative righting moment and will nose dive or tail dive to the bottom of the tank. 

This moment was the basis of our laboratory study and is crucial to the design of this year's human powered submarine.
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Figure 4.4.1 – Top view of sub showing center of gravity and center of buoyancy

The objective of our testing was calculated the righting moment of the submarine so we are able to later determine steps needed to create a neutrally buoyant sub. 

Experiment Procedure

The righting moment of the submarine was determined by using the equation (eq.4.4.1):
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 (eq.4.4.1)

This equation states that the righting moment is the multiple of the weight of the submarine times the distance between the center of gravity and the center of buoyancy. To determine the center of gravity, we went to scales that you would typically use on humans and placed them facing each other, one submarine length apart.  We then had one sub team member stand on one scale and another member on the other.  Their weights were then taken in order to later determine the actual weight of the sub and in turn its center of gravity.  Both members each held one end of the sub out of its cradle so it was suspended by nothing more than its very tips of both ends by the hands of two team members.  Two other team members then took the weight measurements of the team members and the suspended submarine combined.  These weight measurements were used in accordance with the length of the sub to finally calculate the center of gravity of the submarine as shown below in Figure 4.4.2. 
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Figure 4.4.2 Righting Moment Diagram

The center of buoyancy was determined by a somewhat crude yet effective method.  With the sub loaded with strategically placed weights to make it sit level in the water, it was completely submerged under water, with the control surfaces and the tail cone attached.  A submarine team member then began pushing on the back end of the sub (Figure 4.4.3).  This caused the sub's stern to dive and the nose to trim up in the water.  This let us know that the center of buoyancy was closer to the bow of the submarine, so we leveled the submarine again and pushed on a spot a few inches further from the stern of the sub and again the stern dove and the bow trimmed toward the surface. We continued this process until we found the point at which the entire submarine was being pushed uniformly towards the bottom of the pool, not just the bow or stern individually.
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Figure 4.4.3 – Testing to find the center of buoyancy

All of this testing was done at Maine Maritime Academy's swimming pool.  Testing was done by Jesse Ashmore, Matt Ledoux, Amy Wing, Dan Getchell, and Chris Briggeman. 

Buoyancy Test Results

In the tests to determine the center of gravity, we used scales to determine the weight and weight distribution of the submarine.  Matt Ledoux stood on one of the scales and weighed in at 183.5 pounds.  Dan Getchell stood on the other scale and weighed in at 176 pounds.  Matt and Dan then lifted the submarine out of the cradle and kept it completely suspended while Amy Wing and Chris Briggeman reweighed the two.  Matt's new weight was 224 pounds while Dan weighed in at 250.5 pounds.  This shows the substantial weight imbalance due to a much heavier stern of the submarine.  A measurement of the length of the submarine was taken to be 9' 6" long. The net weight of the submarine was calculated to be 115 pounds. 

These numbers state that the center of gravity is 5.5 feet from the bow of the submarine.  This number makes sense because the sub has a tendency to surface at the nose due to the heavy rear cone and driving system.

With the crude procedure used to find the center of buoyancy, it was found that the center of buoyancy was 5 feet 3.9 inches. This measurement was taken with the submarine completely submerged.  With this measurement we can now determine the righting moment of the submarine. The distance, [image: image7.png]decacs



, has been calculated to be 1.9 inches as shown below in Figure 4.4.4.
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Figure 4.4.4 Distance needed to find the Righting Moment

With the weight of the submarine being 115 pounds:

115 lbs* 1.9 ft =  218.5 lbs * ft   (Equation 4.4.2)

Buoyancy Test Conclusion

The introduction of this righting moment shows that the submarine will have a tendency to not sit completely level in the water.  From numerous water tests, however, it seems that the submarine, when weighted properly, has a positive righting moment.  The tow cone created for testing will be left in the sub to act as a weight because it makes a contribution to the counteraction of the massive weight difference between the bow and stern of the submarine. The sub does have a tendency to trim slightly, but with proper bow plane angle placement, this should correct those eccentricities and allow for a stable and fluid ride through the water.  

