Robbsboat,

Ballast Calculations 1

I started a new project named Robbsboat, not to be confused with Bobsboat. I think Robb really wanted a Matt Laydon Paradox but was put off by all the detail involved and was hoping for something similar. 

Messing About In Boats ran a really good and totally detailed series of about 20 articles about ten years ago about building a Paradox, right down to sewing the sail. But I don't believe that builder ever followed up with any sort of sailing report. 

As I recall Laydon was a young man sailing out of Connecticutt in boats he had developed and made himself. The last, Paradox, was a heavy narrow ballasted sharpie, about 14' long, that he eventually sailed all along the east coast and out to the Bahamas for extended times (months). It is easy to get carried along by his adventures. I think by the time he made Paradox Matt was a seasoned sailor and above all else a very patient sailor. I will bet he waited in harbor for weeks perhaps waiting for the right wind to run to the Bahamas, just as Columbus and Drake did. Paradox has no leeboards or daggerboard or centerboard but instead relied on deep hard chines with "runners" which are short prominent edges at the chines. Matt's Paradox was quite heavy when loaded up, about 1400 pounds as I recall. So it sank deeper than you might expect and had a lot more hull in the water. 

My own feeling is that Paradox is not well suited to the usual sailor who will not be going far, will need to do a lot of quick maneuvers, and will be sailing for only a few hours. I also think that many people have no concept of "cruising" in a boat that has the volume of a typical jonboat. But then again few people cruise in their cruisers. I can't help but feel that the fellow who wrote the great building series took his Paradox out and found it was cramped and did not handle well on the usual confined lake. But I could be very wrong about all of this. 

Anyway, Robb wanted a version of it and I decided to give it a try. He specified a plumb sided sharpie shape with the top cabin built into the sides like a Birdwatcher, but Robb did not want the Birdwatcher slot, just the normal sliding hatch. 

Here is a picture of the Hullforms model we came up with: 


It is 15' long, 4' wide and 3.5' deep. More or less the same size as my AF3 but has no open cockpit. It is totally decked over and you are supposed to sail it from the inside. Robb specified very rugged construction, 1/2" plywood all around, and a total weight of at least 1500 pounds which is at least twice what a typical lake trailer sailer of that size would weigh. 

So this is the boat we are going to ballast in hopes of making it self righting............ 

SO WHAT IS SELF RIGHTING, ANYWAY???? 

Man, is that a question to start arguments. I think Howard Chapelle said once that if a sharpie can right itself from a 45 degree heel it is self righting. But I can assure you that ain't enough for most of us. My experience is that when a boat heels over to say 60 degrees the sail's power gets spilled and it doesn't want to go anymore. Very often I try to ballast a boat so it can go full sideways on the water, 90 degrees of heel, and pop up again on its own. I think that is good enough for lake sailing where you have a chance of rescue and where waves won't be huge. The ocean is a different matter since you can be rolled by waves alone, no wind involved. (Actually on a large open lake you can get say 3' waves pretty often, enough to roll a small boat over.) I think "self righting" to an ocean sailor is more like 140 degrees of heel. We will take a look at what is needed to get these sorts of self righting using Hullforms. 

Hullforms is a great little program. I have no idea of how it works but I have never caught it telling me a lie. It does not take any sort of processing power and any sort of machine will run it quickly. You can download demos of it for free using the link at the end of this webpage. The demos are more than sufficient to solve this problem as you will see. 

Hullforms asks for all the info anyone will need to solve this sort of problem. It is not a design program - you will need to design your hull first. Then you will put hull measurements into Hullforms sufficient to define your hull. It will go quickly once you get the hang of it. 

To solve the hydro problems Hullforms will ask you for the weight of the boat and where the center of gravity is. The weight for Robbsboat was given to me by Robb as at least 1500 pounds, so when we set up the Robbsboat lines we gave it enough bottom rocker to keep the bow tip and the transom out of the water at that weight. Then I guessed at the "X" location of the cg (fore and aft trim) until the program showed me the hull was trimmed level. Like this: 
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It turns out that Robbsboat floated level with the cg 8' aft of the bow as shown. 

Now the problem to solve is to find the Z location of the center of gravity that will allow self righting. To start we will take a guess at z=1.75' which is halfway up the cabin. Plug that info into the Hullforms questionaire and it gives us this righting moment curve for that weight and cg location: 
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The machine is telling us that the boat will self right up to 66 degrees, beyond that the righting moment goes negative and she will flop on her side or beyond. Might be good enough for safe sheltered sailing but we are looking for more. 

Let's move the cg down to 1.5' and see the curve: 
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Now we should self right out to 110 degrees and that should be good. Once you get to high angles of heel you need to check to see if your hatches are going under. 

The chart tells us a lot more information. The number gz is the "righting arm". You can think of the righting moment as a torque determined by the weight times the righting arm. So in this case it would be 1500 pounds times .35' = 525 ft-lbs. It is also telling us the maximum righting moment is at 30 degrees of heel. That would also be the point where you could carry the maximum sail. The area under the curve to capsize is also given. I've forgotten exactly what that means but I think it might be looked upon as the "power" of the boat to self right. 

Hullforms makes these charts in a second or two. Might as well run another at cgz=1.4': 
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Now we are good out to 136 degrees and note that even then the curve goes negative for only a short while. If it rolls all the way to 180 degrees the curve goes positive. So here the boat has just a narrow range of negative stability. 

Might as well go one more step to cgz = 1.3': 
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Now it is all positive. The boat should self right from anything if you can keep the water out of the hatches. 

Well, now we have a good starting point. In an hour's time Hullforms has solved difficult problems that would take weeks by hand. Usually this sort of work was never done even for boats a lot larger than this back in the days of hand calculations. They used rules of thumb and testing. Even with computers doing the numbers it is a very good idea to test. 

Next issue we will use these cg numbers to figure how much ballast will be needed and where it needs to be placed. 

Ballast Calculations 2

To recap a bit, last issue we used this Hullforms model of a new design called Robbsboat... 

[image: image6.jpg]



...to solve the problem of finding a center of gravity for the hull that will allow "self righting". 
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The result was that if the cg were 17.5" above the base line (which passes through the very bottom of the boat) then the boat would self right from a 110 degree roll. 

OK.... 

...how do we find a ballast that will put the cg at that 17.5"? It isn't hard at all to figure but you will see there is a lot of guesswork involved because we will be guessing at weights of the parts of the boat. Here is a side view of an empty Robbsboat with the major elements roughly weighed and located: 
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It is important to get the sail rig involved since its weight is up high and will have a very large effect on the total cg location even though the weight of the rig is a small percentage of the total weight. 

So here we have guessed at the weights of all the major components, including a grand guess at the "hull weight" at 450#. There is lots of room for error here but you have to start somewhere. A really complete job of this would include weighing each item as it is built and updated the weight/cg calculations constantly. Given our first guess at the weights, we also measure (roughly) where those weights would be centered above a baseline which in my designs is always a line running through the very bottom of the hull. Then we can make a spreadsheet (although my spreadsheets are usually done in pencil on the back of the envelope). Here is a neater spreadsheet of Robbsboat at this empty stage: 
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The "Z" number is the distance of the item's weight above the baseline (in inches). The weight is in pounds. The WZ factor is the weight multiplied by Z. At the bottom we add up the total of the weights and the total of the WZ's. Then divide the total WZ by the weight to get an "average" Z figure. That will be the location of the cg of the empty hull above the bottom. Here is works out that the cg of the empty rigged boat is 23.7" above the base line. 

I should mention that I usually place the cg of the empty hull structure in the middle as if the boat were a tube of plywood. Then the item called here "double bottom" is the weight of an extra layer of plywood that this hull has on its bottom. 

Let's add some goodies. A crewman at 180 pounds is sitting on the bottom such that his personal cg is 15" above the bottom. And a 50# motor that is hoisted out of the water with its personal cg 24" high. 
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I've also shown where I hope to attach the ballast but we will get to that detail later. The spreadsheet for the rigged hull with its minimum crew is now like this: 
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Now the cg is at 21.7" and we need to add ballast to bring that down to 17.5" 

Pretty easy to figure with a spreadsheet, just keep plugging in ballast numbers until you get the desired cg. Like this: 
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So with the ballast placed as shown it will take 230# of ballast to make Robbsboat right from 110 degrees roll. Even without the spreadsheet it is a quick figure on a piece of paper. 

You might ask "230# of what?" The answer is 230# of anything as long as it can be located 3" above the bottom as guessed at. (Lower is better, of course.) It could be a box of water but I don't want to start that argument again. Here is how I would approach it. Lead weighs .4 #/cubic inch and steel weighs .3 #/cubic inch. So if the ballast is lead you need 230/.4=575 cubic inches of it. In steel you need 230/.3=766 cubic inches. If you want lead you will need to round it up and melt it to some convenient bars. I would bolt the bars to the two main bulkheads as shown, say in six 39# bars. Each bar would be 96 cubic inches which might be 36" long, 4" high, and .66" thick. That way you can horse them around yourself and move them from bulkhead to bulkhead as you need to trim the boat level. In other words you might end up with four bars up front and two aft, whatever is needed. So you see the convenience of bolting to those bulkheads. If the ballast were bolted to the bottom, especially to the outside of the bottom, there would be a real gain in stability. But you also have holes through the bottom. 

Myself, I would not mess with lead. I would use steel, say six bars of 128 cubic inches each. So these might be 32" long, 4" high and 1" thick, or something convenient such that you can have the steel man cut them to final size before you pick them up. 

(I should mention that the problem of fore-aft trim can be solved in exactly the same way using X meaurements (fore and aft on the hull) instead of the Z measurements. Hullforms also will solve for you the proper X location of the total cg required for level trim.) 

You can see from the spreadsheets some of the traps you might fall into to upset the cg calculations. If the crew sits on the aft deck his personal cg goes up high and now the spreadsheet looks like this: 
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Now she won't self right until he gets his butt back inside and on the floor. Similarly if he straps his gear to the decks and not stow it down low on the floor. By the way, if you insist on sitting up high and be self righting as before then you will need 500# of ballast instead of 230#. Big difference. 

A long time ago Phil Bolger was doing these figures on a steel hull schooner. He said the real killer there was in the use of canvas sails that would soak up many many pounds of water in a storm and make the boat top heavy. I don't think Dacron sailcloth soaks water much, if at all. 

Next time..... 

Contents


Robbsboat
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ROBBSBOAT, SAILBOAT, 15' X 4', 550 POUNDS EMPTY

Robb really probably wanted a Matt Leydon cruiser like Paradox but was put off by the complexity and small size. It has been a while since I saw Paradox plans but I think the "complexity" of the design is mostly in the details that made such a small boat livable. And maybe the only way to make a small boat like this work well in the Paradox fashion is to install all those details. However, my feeling is that almost no one is going cruising the way that Matt does and can get by without many of those details. My feeling is that Matt was able to make those trips in his little boats by very careful and patient planning and lots of experience. And if anyone were to ask me if this new boat is safe for ocean travel my answer would be a very quick and loud NO. In the right hands, like Matt's, it might be but it is the old case of "If you have to ask, the answer is NO." because the question demostrates you don't have enough experience to start with (like me). 

But for a couple of days cruising on Kentucky lake, etc. by a small nimble person, it might work well, and that is what most of you will do if you are lucky. So the idea of Robbsboat is a small cruiser, totally enclosed, you sail it from the inside, you sleep in it, and it is supposed to take care of you and be self righting. Robb wanted it really sturdy so we have all 1/2" plywood with a bottom of double 1/2" plywood. Conventional construction including the only time I have ever used internal chine logs at Robb's insistance. That heavy plywood makes for a heavy boat - say 550 pounds stripped. The boat is supposed to be OK up to 1500 pounds total so a lot of gear can be stuffed inside. Some will think this is a two person cruiser, but they won't think that again after trying it on for size. If you tell someone they won't cruise with wife/girlfriend more than once I suppose 100% of them will disagree but you would be right for about 90% of them, so the boat will be a success 90% of the time. Much better than a really big boat that ends up being the wrong boat 90% of the time. 
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The sail rig shown is probably too large but then again it depends on the person and his cruising area. It is quite easy to reef or switch to a smaller sail since it is easy to get a balanced lug tuned up. 

Eleven sheets of 1/2" plywood with conventional construction. 

Plans for Robbsboat are $30 until one is built and tested. 

Ballast Calculations 3

To recap a bit, two issues back we used this Hullforms model of a new design called Robbsboat... 
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...to solve the problem of finding a center of gravity for the hull that will allow "self righting". 
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The result was that if the cg were 17.5" above the base line (which passes through the very bottom of the boat) then the boat would self right from a 110 degree roll. 

Then....last issue showed how to figure the amount of ballast required to get the center of gravity to the desired position. It ended up with 200 pounds bolted to the bottom of the main bulkheads, like this... 
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NOW... 

FIRST.... 

...it would be prudent to check one more thing. You might recall that the above righting moment curve is for Robbsboat at 1500 pounds and the cg at 17.5" above the bottom. But when we did the weight and balance tables we figured the Robbsboat when lightly loaded will weigh about 1000 pounds. So we'll run the hullforms one more time with the lightly loaded situation and make sure it is still OK. Here are the results of Robbsboat at 1000 pounds and cg at 17.5"... 
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It is more stable than before. No problem but now I'm thinking we ought to check it at 1800 pounds total, same cg location. We get this: 
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It is still good enough but it points out the importance of making sure that extra weight is stowed down low. If that is done then the cg location might drop below 17.5" and make it more stable yet. 

NEXT... 

We will look at the above charts and get an idea of the sail forces needed to actually capsize the boat. All of the three charts show that the righting moment peaks at about 25 to 35 degrees of heel. So if you were sailing this boat at say 20 degrees of heel you could expect it to take a bit more wind or sail power, it would heel more until it reached equilibrium again. But if you went past the peak, say about 30 degrees of heel, then it would continue to roll until something happened to ease the force on the sail. I suppose sailing at 30 degrees would be like riding a knife edge and a balancing act with quick reactions would be in order. (By the way, light flat boats will have the curve peak early, maybe at 15 degrees, and heavy deep sailers will peak later.) 

Let's do a quick figure on how much the maximum righting moment is in foot pounds of torque. The charts show the "righting arm" in the form of Gz. That times the weight will give the righting moment. So for the 1000 pound case I see Gz = .46' so the righting moment is .46 x 1000 = 460 ft lbs. The 1500 pound case has a Gz =.35 so the max righting moment is 525 ft lbs. The 1800 pound case has a Gz = .32 for a max righting moment of 575 ft lbs. So the heavier she gets the more sail power it will take to upset her. 

Let's use the light case to see how much sail power is needed to upset her. When at equilibrium a close hauled sailboat has almost all its sail power pushing to the side, only a small fraction is actually pushing the boat forward. That side force is balanced by the lateral area of the hull, in this case by the leeboard. On Robbsboat the center of the sail area and the center of the leeboard area are about 11 feet apart, like this..... 
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So for the light case of rm= 460 ft lbs a sail force of 460/11=42# will overpower the boat. For the heavy case it will take 575/11=52#. 

Now, the forces on sails and wings have been studied by scientists for a long time. A "good" sail can generate about .005 x V x V pounds per square foot of sail where V is in knots. So in 5 knots of wind it would be .005 x 5 x 5 = .125 psf and at 10 knots it is .005 x 10 x 10 = .5 psf and at 15knots it is .005 x 15 x 15 = 1.12 psf. Since the wind speed is "squared" , that is multiplied by itself, in the equation you can see that a little more wind quickly gives a lot more force. 

Anyway, Robbsboat is shown with 138 sq ft of sail cuz Robb want to go in light winds. So if 42 # of sail force will capsize the boat at light weight that is 42/138 = .3 psf on the sail. That corresponds with an 8 knot wind. Above that you will need to spill air by "feathering" the sail so it can't develop full power, or reef it down. A fellow might ask," I want to sail in 25 knots of wind reefed, how much sail can I carry?" So 25 knots wind will make about .005 x 25 x 25 = 3psf. And you can carry but 42/3 = 14 sq ft of sail (if the reefed sail is still efficient). 

You can run the numbers for the other cases if you wish but Robbsboat has plenty of sail any way you look at it. And if the skipper slides over to the windward side of the hull the righting moment will increase and he can carry more sail. On the other hand if he slides to the leeward side of the hull he must carry less. 

The above is the only way I know of to estimate "the right sail area". It isn't quick and will vary from condition to condition. 

One last bit of info you can check with the righting moment charts is mast strength. Here again there are lots of variables. But if the boat flips at say 600 ft lbs then there is no point in designing a mast that is good for 6000 ft lbs since the boat will have capsized long ago. 

A free standing mast like Robbsboat will have its maximum forces at the mast partner. Here the mast partner is 8' above the mast partner, so a 42# load on the sail will create a 42x8=336 ft lb torque on the mast at the partner. 336 ft lbs is 4000 in lb. Now, the elastic stress in a beam with a square cross section is 6 x m /(bxbxb) where m is the bending torque and b is the width of the mast at that point. On Robbsboat it is supposed to be 3" thick there. So the stress there is 6 x 4000 / (3x3x3) = 24000/27=900 psi. You can look up the breaking stress of wood in different handbooks but as I recall really high class perfect wood might break at 10,000 psi. I suppose the wood I buy is a lot less, especially when knots are taken into account, but it should still be way above 900 psi. 

Could the mast be thinner? Sure if you have paid for perfect wood. But then it might be too limber and I think free standing masts are designed more for stiffness than strength. If the spars bend too easily the sail may not set well. 

There might be another reason to go heavy with the mast. The above analysis is looking at lateral stability. Let's say you are running downwind under a real gale. Lateral stability is no problem. Now does the problem become one of sizing the mast for fore-aft stability, that is to say does the mast break before the boat pitchpoles end over end? I used to look at it that way but one day I told my theory to Phil Bolger who simply said, "Mast never fail that way. They always fail when close hauled." So I stopped thinking about it. 

By the way, guyed masts are totally different animals than free standing masts. The wires pull down on the mast in tension. That creates compression in the mast and it will fail as a buckling column. I've seen it happen as I watched (to somebody else). Perhaps that is what Phil was thinking about. 

Sail Area Math

BACKGROUND...

I have to rerun this essay every year. This subject is the most common area where tinkerers of designs get in trouble. It always has been and always will be. Anytime you modify the sail rig you need to keep this math in mind. 

If you look at the picture below of the sail rig of Mayfly12 you will see on the sail some (fuzzy) writing (that didn't scan well) that says "55 square feet" to the left of a small circle that represents the center of that area (honest). 
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The center of that area is often called a "centroid" and you will see it is placed more or less directly above the center of the leeboard's area. That is very important. 

As you might imagine a shallow flat hull like this with a deep narrow leeboard wants to pivot around that leeboard. If the forces of the sail, which in a very general way can be centered at the sail's centroid, push sideways forward of the leeboard, the boat will tend to fall off away from the wind. You should be able to hold the boat on course with the rudder but in that case the rudder will have "lee helm" where you have to use the rudder to push the stern of the boat downwind. The load on the rudder will add to the load of the leeboard. Sort of a "two wrongs make a right" situation and generally very bad for performance and safety in that if you release the tiller as you fall overboard the boat will bear off down wind without you. 

If the centroid is aft of the leeboard you will have "weather helm", a much better situation. The rudder must be deflected to push the stern towards the wind and the force on it is subtracted from the load on the leeboard. Not only that, but when you release the tiller as you fall overboard the boat should head up into the wind and stall and wait for you if you are lucky. It's a good deal but if you overdo it you can end up with too much load on the rudder. 
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This balance problem is actually one of the few things about sail rigs that is not arbitrary. The type of rig and its area are pretty arbitrary depending on how fast you want to go, how much you weigh, etc. But balance is quite important and is one of the areas where backyard boaters get into trouble, sometimes changing the boat or rig with no thought of balance. So before you go doing that you should do a little homework. This essay will tell you how to figure sail area and find the centroid. 

One last item: the balance situation shown for Mayfly12 is what I have found to be best for this type of boats. Boats with large fin keels don't balance that way - usually the sail centroid is well forward of the keel centroid. That distance is called the "lead". That type of boat is not within my personal experience and I'm not going to get into that. But you still would have to figure the area and centroid. 

THREE SIDED SAILS... 
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This one is really easy. The area is just the base time the height divided by 2. Any side can be the base and the height is aways at a right angle to the base. 

So when you lay out the sail you draw it up on thin paper to the same scale as your hull drawing with the leeboard (or daggerboard or centerboard) lowered. Draw a line through the center of the board straight up. Now we're going to locate the scale sail on the boat such that it's centroid falls very close to that line. 

Here's how you find the centroid of a triangular sail. 
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Find the midpoint of each side and and draw a line from that midpoint to the vertex opposite it. The three lines will intersect at the centroid. Actually you only need to find the intersection of two lines but the third line is a good check. 

That's it! Now you can take you scale sail drawing and slide it around your hull drawing until the centroid is on that line drawn up from the hull's board. Move it up and down and tilt it until you like the way it looks. But don't cheat much forward or aft of that line. 

FOUR SIDED SAILS... 

To find the area of a four sided sail you just divide it into two triangles, find the area of each triangle as above, and add the two together. 
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Now to find the centroid of the four sider. Start by finding the centroids of the two triangles that make up the four sided sail as shown above. Now draw a line from one triangle centroid to the other. The centroid of the four sider is on that line somewhere. 
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To find exactly where the centroid is on that line, measure the length of that connecting line. You need not use the same scale as is used on the drawing. I prefer to use a millimeter scale for this measurement. Then get out the calculator and work the formula shown in the Figure 4. Let's say for example the length of the connecting line on the scale drawing measures 120 mm (that is measurement L). Let's say the example sail has a lower triangle area of 50 square feet (that is A1). The upper triangle is 35 square feet (that is A2). So the total sail area is 50 + 35 = 85 square feet. The length L1, which will exactly locate the sail's total centroid, is L1 = 120 x 35/85 = 49.4 mm. So you take that millimeter scale and measure up from A1 centroid on the connecting line 49.4 mm and make a tick mark on the connecting line. That is the centroid of the total sail. 

Another way to find the centroid, especially of a really odd shaped sail, is to take the scale drawing of the sail and cut it out. Then balance the cutout on a knife edge and mark the balance line, rotate the cutout on the knife edge about 90 degrees and rebalance and mark the new balance line. The centroid lies at the intersection of the two line. 

Another way is to dangle the cutout on a pin stuck through a corner and into a wall marked with a vertical line that passes through the pin point. Mark the line that passes through that pivot corner and a vertical. Then rotate the cutout to hang it from another corner, and mark a second line through the second pivot corner and a vertical. The centroid lies at the intersection of those two lines. Back at the missle factory the designers had a favorite place, complete with pivot pin socket hole and vertical line, to hang these cutouts and that place was known as the "weighing wall". Meanwhile the super computer cranked away next door but its answers weren't to be trusted unless they agreed with the cutout hanging at the weighing wall. 

RIGS WITH MANY SAILS... 

Figure 5 shows the rig for Viola22. It has a main gaff sail of 177 square feet, and a mizzen sail of 45square feet. Where is the centroid of the assembly? 
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It's done exactly as with Figure 4. Draw a line connecting the areas of the two sails. Measure the length of the connecting line. Then run through the same equation as in Figure 4. Nothing to it. 

One thing I might point out about the Viola22 rig is that the total centroid falls near the aft edge of the leeboard. By my experience the mizzen is not as efficient as its area suggests so it needs to be a bit oversized by normal rules, fudging the total centroid aft. I think in general the aft sails operate in the scrambled flow of the forward sail, causing loss of force back there. 
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