A Wood Mast Made Easy

by Paul Goodwin - US4061 - March 1990

Many people have not built a wood mast because of the apparent difficulty. There are many ways to build a DN mast from wood, but Jan Gougeon introduced a new construction method to the Detroit area this year which is the simplest yet. This new design uses pieces which can be cut easily on a table saw and requires no jigs, molds, or fixtures. 

After discussing this new design with Jan, I went to work developing full size drawings. The simplicity of the design was very apparent and I was able to work out the dimensions of the pieces in a way that also made the setup easy. As soon as I had the basic drawing of the mast complete I started building the first one in my area (Detroit). The mast was assembled within a week, and I was able to sail it 2 weeks after the first discussion with Jan. One week after that, my new mast propelled me to a 7th place finish in the North American Championship. This has got to be the best hollow mast design ever! 

My mast was so successful that a building/sailing partner of mine (Chip Cartwright) decided to make one. He arrived from school at 9:30 on a Friday night with a bundle of lumber under his arm, and when he went back to school on Sunday night, his mast was complete (except for the hardware). Plus, he had built a runner plank and a set of insert runners at the same time. He actually glued the two halves of his mast together, complete with aluminum luff tube, within 24 hours of arriving at my house! Understand, Chip is an extraordinary builder, but this still indicates the simplicity of the overall design. 

 

The Basic Design 
Now back to the real story--the mast construction. The basic idea is to glue a narrow strip of wood along the edge of a wider strip to produce an "L" shaped section. Then a small triangular strip is glued into the corner of the "L". This basic section is used for each mast half. Two of these sections are glued side by side, with a groove to hold an aluminum luff tube. After some final shaping, and possibly some tuning of the stiffness, an excellent mast can be produced. Fig 1 shows a cross section of the completed mast in the section below the hound. 

Start by selecting some wood. The side wall (the large part of the "L") should be made from a wood which is light and not too stiff. Jan Gougeon has used Sitka spruce for most of his masts, but after studying a number of failures, he thinks that Sitka does not have adequate fatigue life in compression. One of my favorite woods for this type of application is redwood. Redwood can be purchased in clear, straight sections at most lumber yards (it is used for building decks), and has the additional benefit of being relatively inexpensive. After building my mast, I found that it was too limber from side to side. This was corrected by applying 2 tows of carbon fiber on each side wall below the hounds. Choosing a wood which is stiffer than redwood for the side walls would probably eliminate the need for any carbon fiber. You will need a 1" x 4" x 16' for each half. 

The nose piece (narrow side of the "L") and the triangular corner strips should be made of a hardwood with lots of stiffness. A good choice would be ash, birch, or possibly hickory, depending on what is available locally. If 16' long pieces are hard to find, short pieces can be scarfed together (use 12:1 scarfs on any pieces going into the mast). A 1" x 6" x 16' will be adequate for the nose pieces, corner strips, and the small strips ahead of the luff tube. 

Fig 2 shows an exploded view of a mast half with dimensions on all of the pieces. Note that all pieces are 1/2" thick except for the triangular corner blocks. Cut the corner blocks from the ash (3/4" thick), then have all the remaining wood planed to 1/2". It is important to cut the pieces to the exact dimensions shown. These are not rough dimensions. Use a table saw with a sharp blade, and double check your setup before making every cut. Make sure the edges to be glued are square. Cut the small strips (1/4" x 1/2") from the same wood as the nose piece. 
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fig. 2 MACHINING DIMENSIONS





Building the mast halves 
Glue the nose and side wall together as shown in fig 2. Keep the edges aligned while applying clamps (large spring clamps work great here), and remove any glue that squeezes into the comer of the joint. Be sure to keep the pieces perfectly straight while the glue hardens. Repeat the glue-up for the other half. 

If there is any glue led in the corner of the "L" from the previous glue-up, remove as much glue as possible and/or put a small chamfer on the comer of the triangular strip. Glue the triangular comer pieces into place. Draw a line 0.43" from the rear edge of the glued-up sections. Glue the small (1/4" x 1/2") strip along this line (see fig 2). 

This completes the build-up of the basic mast halves. If you have been careful with the cutting and gluing, then the rest of the work should go easily. 

The next step is to machine the face of the halves where they glue together. If you have access to a jointer, this step goes very fast. Simply set the halves face down on the jointer and remove enough stock to just get to the comer of the small strip in the rear, and the comer of the nose block in front (see fig 3).
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Fig. 3 INITIAL TRIM LINES 

 

If you don't have access to a jointer, then use a hand plane to accomplish the same thing. A simple (but effective) trick makes this task much easier. Clamp a block of wood to the side of a hand plane so it is flush with the bottom. This block of wood should ride on one side of the mast while the other side is being cut. Remove a small amount at a time, alternating from side to side, until the desired amount of wood has been removed. The block of wood insures that both edges are true with each other. 

Once both halves are planed, the they should fit together tightly for the full length of the mast. Make a drawing of the mast cross section, cut it out, and use this template to check your assembly for accuracy. 

The next step is to make a groove to accept the aluminum luff tube. Using an aluminum luff tube is important since it gives the final mast adequate fore and aft stiffness, and prevents shear web failures. The tube that I have been using has an outside diameter of 5/8" and is extruded with a slot the full length. The tube is available from Sailing Specialties in Wisconsin. An alternative is to use a 5/8" diameter aluminum tube and put the slot in it with a table saw. 

One way to put in the luff tube groove is with a router. Use a 5/8" core box bit to produce the groove. A router table with a fence is useful for this step. set the fence so that you can run the edge of the mast half along the fence, cutting the groove in the correct location (see fig 4). Make several cuts with the router, increasing the depth of the cut with each pass, to produce a groove which is exactly half the depth of the tube (5/16").
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fig. 4 LUFF TUBE GROOVE





An alternative method is to make the groove on a table saw. This is the way that I make grooves, and is actually very simple. Clamp a fence to the table saw at an angle to the blade. Set the blade depth to half the diameter of the luff tube (5/16"). Run a scrap piece of wood through to check the setup. Change the angle of the fence until the groove is the correct width. This produces a roughly semi-circular cut, and is fast and accurate. 

After cutting the luff tube groove, put the halves together to be sure of a good fit. It is acceptable to have a slight amount of clearance around the tube, but excessive slop should be avoided. 

The next step is to decide if tapering of the mast is desired. Most people building wood masts have been taking advantage of the rule which allows tapering above the hounds. Tapering adds a significant amount of complexity to the construction of the mast, but I think most people should be able to accomplish it without too much difficulty. Start by deciding how much taper is desired. The basic mast is about 2-1/8" thick. A good place to start is with a taper that starts at the hounds, and drops to a thickness of 1-3/4" at the tip. This is done by planing down the edges of the halves before gluing them together. 

Place a pencil mark 3/8" away from the front edge of the mast wall at the tip (do this on each half). Put a pencil mark at the location of the hound. Now draw a line which runs from the 3/8" mark at the tip to a point on the edge just above the hound. This wedge shaped section must be removed from the edge. use a hand plane with a block of wood clamped to the side as previously described, and carefully plane the edge down to the pencil line. The small strips in the rear will also have to be planed down (almost to the comer of the side wall) for a good fit on the luff tube. 

The next step is to cut a 45° chamfer on the front edges of the mast. Draw a line on the nose and side wall to mark the edges of the chamfer (see fig 3). Also a draw a reference line on the side wall at the point where it is tangent with the final curved surface (see fig 5). This line will help with the final fairing. A table saw can be used to perform the chamber, but a hand plane does the best job of cleaning up down to the line. If the mast is tapered, then the size of this chamfer will be reduced where it is tapered, and you might not be able to use the table saw for the full length of the mast.
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Final assembly 
Blocks of wood should be used to close the base and the tip, and the tip block also contains the halyard. William B. Sarns Co. sells a halyard with a tube which works well. A better alternative is to use a sheave or small exit block at the tip for the halyard, since it makes hoisting the sail easier. Some people glue the blocks into the base and tip and install the halyard at the same time as the halves are glued together. I prefer to leave these out until after the mast has been glued up. 

The hounds can either be mounted internally, or can be mounted on the outside of the mast External hounds are recommended for the first time builder, since it simplifies the building procedure. 

So far so good? Then glue it together! 

Prepare the luff tube for gluing. Here are two methods which seem to work: 

1. Use an etching system to prepare the surface of the tube for gluing. Coat with epoxy. 

2. Sand the outside of the tube with coarse sandpaper to remove any oxidation and din. Brush a coat of epoxy on the outside of the tube, and sand the epoxy into the tube (son of like wet sanding). 

Mix up a batch of epoxy (using slow hardener can give you a few extra minutes for the critical alignment). Brush a coat of epoxy on all glue surfaces. Also coat the inside of the mast with epoxy to seal out moisture. Mix up another batch of epoxy, and thicken with microfibers. Coat all glue surfaces with this mixture. 

Place the luff tube in the groove with the slot towards the back of the mast. Place the other mast half on top and put several spring clamps along the mast. put the clamps on the mast with the pressure applied in the middle of the side walls. 

Set the mast with the tube up, and make sure that the tube is in the correct position (the slot in the tube must be centered at the back of the mast). Once you are satisfied that the tube is aligned properly, add additional spring clamps to the mast. A clamp every 12" should be adequate. 

If enough glue has been used, there will be a bead of excess glue along the entire length of the mast. If it appears that the joints are glue-starved, it would be a good idea to open the mast back up and apply more glue. 

Sight along the slot in the tube, and make sure that the mast is perfectly straight. A string pulled tight above the slot can help with the alignment, but you can usually get it straight by eye. This step is very critical. A slight curve in the mast will make the mast favor one tack, and can cause the mast to counter-rotate (rotate onto the wrong tack) in gusty winds. 

If any excess glue has gotten into the luff tube, remove it before it hardens. An easy way to do this is to tie a piece of rag to a string and pull it down the tube from one end to the other. 

 

The final touches 
The mast must be shaped to generate the final curved surface. Using a hand plane, remove material from each corner until you get close to the final shape. Look carefully at fig 5 to determine where wood must be removed. Once the corners have been planed down the mast should have a fair shape. Continue to remove material from the high spots and the curve win start to develop. Use a sanding block for the final fairing. It is helpful to make a template of the final shape from the drawing, and use the template to check the mast while you are shaping. 

Cut an opening for the halyard exit in the front of the mast. The location for this should be as low as practical in order to avoid a stress concentration in the critical area of the mast (about 5' up from the base). A good location is 2' from the base, but the location is frequently determined by the length of the halyard. The exit hole should be at an angle towards the tip of the mast so the halyard can exit easily. 

Cut an opening in the luff tube for the sail entry. I think the easiest entry (both easy to make and easy to get the sail into) is the angled entry shown in fig 6. The opening should be close to the base so the boom jaws are above the opening while sailing. Be sure to file or sand all sharp edges after cutting the tube. 
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fig. 6 SAIL ENTRY





Depending on the type of wood used for the mast, it may be desirable to cover the entire mast in fiberglass cloth. In any case, I recommend putting one or two layers of 10oz glass cloth at the hounds, and in the area where the boom jaws hit. 

There are many ways of mounting the hounds, installing the halyard, and for putting a socket on the bottom of the mast. I won't go into any detail on these steps, but looking at other wood masts can give you some ideas. 

If there are any questions about this mast construction, feel free to call, or write a letter if time permits. While the mast drawing can be generated from the dimensions provided in this article, I can supply full scale drawings of the mast, just send a self-addressed, stamped envelope. 

