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ABSTRACT 

 
 Background of the Herreshoff Manufacturing 
Company’s approach to building hollow spars, and 
methods developed by Stonington Boat Works to replicate 
them. 
 
INTRODUCTION 

 

 In the spring of 2006, as Ben Philbrick and I were 
nearing completion of the sloop PATIENCE, Ed 
McClave stopped by our shop with an interesting 
proposition. It had become clear that SPARTAN had 
finally been sold, and that MP&G had been selected as 
the lead shop for her restoration. Ed brought with him a 
copy of the Herreshoff Manufacturing Company spar 
plans for the New York 50 footers, and asked if we 
would be interested in bidding for the job of building 
new spars for SPARTAN.  
 
We were intrigued with the prospect, having had a long 
involvement with the boat during the beginnings of her 
rebuilding some 25 years ago. Ben was one of the crew 
that re-framed, re-floored and re-planked her back in the 
1980s, and it was exciting for all of us to see new owners 
enter the picture with the desire and wherewithal to 
complete the transformation from museum lawn 
ornament to a fully found example of the finest one-
design racers of the early twentieth century. 
 
The spar plan which Ed brought presented a few 
challenges in interpretation, having been drawn at a time 
when the HMCo spar loft was cranking out spars by the 
mile for practically every vessel that came out of that 
busy works, from sailing dinghies to Cup defenders, and 
literally everything in between. It was an era when the 
time between contracting for the design of a substantial 
vessel and delivery of the vessel was measured in a very 
few months, and in quantities that are difficult for us to 
imagine today. Of necessity, a sort of shorthand was  

 
 
 
developed between the design and drafting staff, and the 
craftsmen who rendered the drawings into yachts. 
 
BACKGROUND 

 

Spar Plan 

 A copy of Herreshoff Mfg. Co. drawing 81-95 is 
appended to this paper (Figure 23) for reference. As is 
standard practice on most spar plans from any designer, 
different scales are used for the lengths of spars relative 
to the sections, in order for the drawing itself to remain 
of a manageable size. On this particular sheet, the lengths 
are drawn at ¼" = 1'0" and ½" =1'0", while the widths 
are drawn at 1-1/2" = 1'0". It is worth noting at this point 
that all of the spars for the NY50, with the exception of 
the jib club and boat boom, are to be hollow, built up 
from eight individual staves, much like a very long, 
slender barrel. This minimizes weight aloft, and is 
economical of material. The engineer likes it because 
there is only wood where it is necessary to carry the load 
applied. Cross-sectional dimensions are given for each 
spar at its section of greatest girth, and at each end. By 
extrapolation, this gives the wall thickness at these 
locations, which was where it started to get interesting. 
 
Wall Thickness 
 The spinnaker pole is straightforward, in that the 
wall thickness remains a constant 1" for the length of the 
spar. In every other case, however, the wall thickness is 
greatest at or near the middle of the spar, and becomes 
gradually less toward the ends, putting wood where it is 
required for strength, and eliminating excess weight 
where the anticipated loads are not as great. 
  
Standard Tapers 

We suspect that Mr. Herreshoff had long ago 
worked out, by inspired design and destructive testing 
(intentional and unintentional) what he felt were the ideal 
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relationships of cross-section to length for a particular 
type of spar. These are represented on the spar plan as 
“Taper #2, Taper #3”, and so on. This presented 
somewhat of a dilemma for us, not knowing what made 
“Taper #2” different from #3 or #4. 
  
As part of his research for the overall project, Ed spent a 
considerable amount of time in MIT’s archives of the 
Herreshoff drawings, and could nowhere discover a 
drawing  which spelled out the derivation of these 
various tapers.  Fortunately, as we were mulling this 
over, Maynard Bray happened by on one of his 
infrequent visits to the area. He remembered sending Ed 
a duplicate of a Herreshoff drawing relating to hollow 
spar construction some twenty years ago, and thought it 
might be relevant. Ed checked back through his files, 
found the drawing, and brought it to us. After some 
study, it was determined that indeed this was the 
information we had been seeking.  The drawing (HMCo. 
#81-132) was a simple graph which had a series of arcs 
of increasing radius equally divided by a series of 
radians. The arcs were designated by the standard taper 
numbers, and the radians represented stations at two-foot 
intervals. By entering the graph at the arc of the desired 
taper number, and squaring down from each intersection 
with a station radian to a horizontal baseline, the 
resulting vertical distance from the intersection to the 
baseline gives the offset required to generate the full-
sized mold at each station. A sketch of the graph, 
simplified for clarity, appears below (Figure 1). The 
caption beneath the original reads ”OffSets for Hollow 
Spar Taper Moulds. OffSets Full Size. Spaces for 16 ft. 
Moulds 2 ft. Apart.” We surmise that from  information 
in the spar plan, plus the offsets obtained from this 
graph, the sparbuilders would generate a master mold 
which they would use to set up their gluing fixture. 
 
 

 

 
Figure 1 Sketch of Table of Offsets for Hollow Spars 

 

CONSTRUCTION 

 

Construction Summary 
To briefly summarize the construction process of 

one of these spars: One needs to manufacture eight 
identical staves, in this case of  Sitka spruce (or as 
HMCo referred to it, Washington spruce) of sufficient 
length (obtained by scarfing pieces together as 
necessary), tapering in both width and thickness towards 
their ends. The edges of these staves must be beveled to 
fit one another such that the eight held together edge-to-
edge will form an octagon. These staves must then be 
held in perfect alignment as they are glued together, with 
the ideal being that the glue lines are invisible or nearly 
so. Then the resulting tapered octagonal solid must be 
shaped to a tapered cylinder, and coated with enough 
shiny varnish so that any defect in material or 
workmanship will be proudly displayed for all to see. 
 
Cross-Section  

In order to ensure uniformity and efficiency, we 
decided to make a master template for the staves of each 
spar. The template was generated by scaling sections 
from the spar drawing, fairing them at full size, then 
making a CAD rendering of each section at regular 
intervals to be used throughout the construction process. 

 
Figure 2 - Sectional view through spar. 

           
From this sectional view (Figure 2), we can learn the 
following: 

• The finished outside diameter, represented by the 
circle. 

• The eight-sided figure required to yield the finished 
outside diameter, represented by the octagon. 

• The inside diameter inscribed within the eight staves. 

• The finished thickness of the stave. 

• The width of the stave. 
  
To explain the width of the stave as shown here, we need 
to back up a bit and look at the way that the Herreshoff 
Manufacturing Company’s spar shop assembled their 
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spars. The staves looked the same as these in cross-
section, for three good reasons: 
The first was economy of materials- there was no need to 
use a piece of wood 3-1/2" wide if ½" of that width will 
be planed away to reach the inscribed circle. 
 
The second and third reasons were procedural.  
 

 
Figure 3 - Spar glue-up at the Herreshoff Manufacturing 
Company. 

 
There is an awful lot to be gleaned from Figure 3 about 
the way that the Herreshoff Manufacturing Company 
built their spars, some of which we’ll touch on in a 
moment. The thing that I want to bring to your attention 
now is the clamp, or rather the multitude of clamps. Key 
to the Herreshoff system of assembling hollow spars was 
the Herreshoff  Manufacturing Company spar clamp, 

made expressly for the purpose. 

 

 
Figure 4 - Herreshoff spar clamp- side view. 

 

 
Figure 5 - Herreshoff spar clamp-movable jaw. 
 
Figures 4 & 5 show two views of one of these clamps, a 
smallish one. They were made in several sizes to suit 
different sizes of spars. They are a marvel of simplicity 
and elegance, perfectly suited to the job at hand. One jaw 
is fixed, one slides freely along the bar. When pressure is 
applied by the screw, the movable jaw rocks slightly on 
the bar and locks itself relative to the fixed jaw. The 
wide bill of the jaws distributes the clamping pressure 
over a large area, so as not to damage the delicate fibers 
of the spruce or fir staves. The cross-section of the 
clamping surface of the jaw was tapered to fit into the 
notch created by the flats on the edges of adjacent staves. 

 
Figure 6 - Spar clamp across 2 staves. 

 
As we said earlier, the Herreshoff Manufacturing 
Company was building spars by the mile, so the 
investment in manufacturing hundreds of these clamps 
(which, like almost everything else, they did in-house) 
was amortized in a very short time. For SPARTAN we 
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only needed to make a few hundred feet of spars, so with 
some regret we chose not to make that investment in 
those lovely clamps. 

 
The third reason for the notches created by the flats on 
the stave edges may not be apparent at first to someone 
who has not tried to make a cylinder from an octagon. 
Referring back to Figure 2 above, you will see that the 
apex of each of these notches represents a point on the 
circumference of the inscribed circle which represents 
the outside surface of the spar, at any point along the 
length of the spar. These are control points which guide 
the spar builder in shaping the spar.  

 

 
Figure 7 - Spar section as built by SBW. 

 
Figure 7 is a sectional view of the staves as we 
manufactured them. The circle, as before, represents the 
finished outside diameter. The octagon whose faces are 
tangent to that circle is that which is required to yield the 
finished outside diameter. The additional material added 
to the outer octagon represents a handling allowance. 
The spruce, being quite soft, is easily dinged or dented, 
and with the several steps of our manufacturing process, 
we were afraid of making a mark that would remain in 
the finished surface. To mitigate the danger of that 
happening, we allowed an extra 1/16" of thickness on the 
outside of each stave, to be removed in the final shaping. 
As part of the process of tapering the thickness of each 
stave, which will be explained in detail shortly, we cut a 
groove 1/16" deep down the center of the outside face of 
each stave, that depth representing the thickness of the 
handling allowance just mentioned. These grooves, in 
conjunction with the apex of the notches as shown 
earlier, give 16 control points to plane to, anywhere 
along the length of the spar, which enables the rough 
shaping to proceed quickly and confidently. 

 
  
 

Templates and shaping staves 

 Before that digression into clamps and control 
points, we were generating a master template for the 
taper in width of each stave. From the CAD rendering of 
each section, widths were transferred to a template blank 
scarfed together of Baltic birch plywood, chosen for its 
stability and consistency. These points, representing 
widths at each section, were connected with a batten and 
the resulting curve drawn on the template. The template 
was then carefully sawn and planed to the line on a 
simple jig which ensured a square edge on the template. 
While this was going on, spruce stock for the staves was 
rough-milled to width and thickness, and pieces scarfed 
together to achieve sufficient length. The template was 
then temporarily fastened to the inside of each stave 
blank, and the combination was then run first through the 
circular saw with a follower fence, then power-fed 
through the shaper. At this point, the shaper is turning a 
straight-sided carbide cutter with a rub collar of the same 
diameter as the cutterhead, which bears on the edge of 
the template, as shown in Figure 8.  
 

 
Figure 8 - Straight-sided shaper cutter with rub collar. 

 
After repeating this process seven more times, we are left 
with eight identical staves, tapered in width but 
rectangular in section. 
 
The template is now set aside, and the staves turned over 
so that the outside face is up. The shaper is set up with a 
special carbide cutter (Figure 9) with a 22.5° bevel, and a 
rub collar which is the same diameter as the small end of 
the beveled cutter. 
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Figure 9 - Beveled shaper cutter with rub collar. 

 
Each stave is now power-fed through the shaper, with the 
result that they are tapered in width, with beveled edges.  
 
Thickness Taper 

At this stage, we had to confront the issue of 
tapering the staves in thickness. It is helpful to note that, 
on the drawings for the various spars, the tapered 
sections were always 16 feet or less in length, with spars 
of lengths greater than 32 feet (topsail yard, boom) 
having a section of uniform diameter in the middle. As 
we reflected on the possible ways that the sparbuilders at 
Herreshoff’s could have most efficiently tapered these 
staves, it seemed reasonable to assume that they would 
invest the time to make a tapered sled 16 feet long for 
each of the various tapers #2, #3, #4 and so on, using the 
mold as generated earlier from the table of offsets for 
hollow spars. A stave blank could be placed upon this 
sled, and sled and staves together could then be run 
through the thickness planer, with the result that the 
staves were thereby tapered in thickness.  

 

    

 
 

Figure - 10 Tapered sled for planing stave thickness. 
 
In the case of SPARTAN’s boom or topsail yard, the 16-
foot tapered sleds for each end would be temporarily 
fastened to a straight board of uniform thickness, the 

sleds being separated by whatever distance was required 
to yield the straight middle section of the stave. Similarly 
to the Herreshoff spar clamps which we talked about 
earlier, the fabrication of these sleds was an investment 
in time and materials which made sense for the 
Herreshoff Manufacturing Company because of the 
volume of work which they had. Similarly to the clamps, 
we tried to develop a method which would yield a 
satisfactory result with less investment in infrastructure 
and storage space. What we arrived at is as follows:  
 
We built a trough of straight-grained Douglas fir, longer 
than the longest tapered stave section, and slightly wider 
and deeper than the largest stave, in this case those for 
the main boom. 
 
 

 
Figure 11 - Stave thickness tapering trough. 
 
In the trough, at intervals corresponding to those used in 
determining the sections of the spars, we installed 
adjustable saddles made of aluminum bar stock. With the 
stave thickness information from the CAD drawings of 
each section, we adjust the height of the saddles such that 
the wood to be removed (to yield the taper at the end of 
the stave) is above the top surface of the trough 
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Figure 12 - Indicating stave height above trough at a 
station interval. 
 
A power plane mounted on a sled, which rides along the 
top edges of the trough, makes short work of removing 
the excess. This process takes place on both the inside 
and outside surface of each stave, to arrive at the correct 
thickness inside and outside of the inscribed circle of our 
sectional drawing at each station.  
 

 
Figure 13 - Power plane and sled on trough. 
 
After the taper is planed on the outer face, a router on a 
sled, turning a veining bit set to cut 1/16" deep is run 
along the trough, creating the control groove for the 
center of the stave. 

Gluing & Assembly 

Now it’s time to carry the staves upstairs and 
address the gluing. When assembling the staves, keeping 
the beveled faces in proper alignment with each other is 
of paramount importance, as is maintaining the central 
axis of the spar, unless of course one is building an S-
boat mast. At the Herreshoff Manufacturing Company, 
they used adjustable metal fixtures on simple horses 
spaced between 4 and 6 feet apart to hold the staves in 

alignment while the dozens of spar clamps were put in 
place and tightened. You can see the fixtures in Figure 3 
showing a spar being glued up, they are the long slotted 
arms projecting above the top of the spar half. 
 
The fairly large spacing between fixtures and their 
supporting horses allowed room for the multitude of 
clamps, and for the multitude of men that applied them. 
It also allowed excess glue to drop right through to the 
floor and not accumulate on a bench top.  
 
Our approach was to use the sectional drawings of the 
spars to generate a series of saddles to hold four staves in 
alignment at each station. The saddles were roughed out 
with circular saw and bandsaw, then CNC milled to final 
dimensions, ensuring perfect accuracy. Each saddle was 
then screwed to the spar bench on pads at each station. 
These pads had previously been brought to the same 
plane, much as one would do prior to setting up molds 
for building a boat upside down, Herreshoff style. Each 
pad had one edge on a station line, and a centerline to 
register with that on the saddle. Thus the centerline axis 
was held true in the vertical plane, and the top edge of 
each saddle was the central axis in the horizontal plane. 

 

 
Figure 14 - Staves clamped in saddle. 
 
Each group of four staves was dry-fit to avoid unpleasant 
surprises later, then epoxy adhesive was applied to all 
mating surfaces, and clamps were applied with softwood 
cauls to force the staves into alignment at each saddle. At 
this point the inside was coated with epoxy, and as much 
of the excess glue as possible was removed from the 
control grooves before it hardened. After a suitable 
length of curing time, clamps would be removed and the 
first half of the spar would be removed from the saddles 
and moved to the back of the bench. The process would 
then be repeated with another four staves to form the 
second half of the spar. 
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Figure 15 - Spar half glued and clamped. 
 
End blocking was fitted and glued into each half, and 
then brought flush with the centerline plane. Final 
assembly takes place with one half still in the gluing 
fixture, to assure that the centerline planes remain true. 
Clamping pressure for this operation is supplied by 
stainless-steel hose clamps fairly closely spaced, and set 
up with a cordless drill with an adjustable-torque clutch.  
 

 
 
 
 
 
 
 
 
 
 

 
Figure 16 - Spar halves assembled and clamped. 

 
Shaping 

Shaping of the spars after gluing was accomplished 
with power plane or drawknife, fore, jack and spar 
planes, taking the eight-sided spar down to the 16 control 
grooves. The sanding box followed, which deserves a bit 
of elaboration.  The sanding box was made in several 
different sizes corresponding to the diameters of the 
spars being made. It is simply a long three-sided box 
with handles, with the inside corners eased slightly. 
Lengths of 9 inch wide sanding belt are stapled to each 
side of the box, leaving enough slack to accommodate 

the desired diameter of the spar. We start with 60 grit 
worked diagonally across and along the spar, then 
through 60-80-100-120-150 grit along the length of the 
spar. 

 

Figure 17 - Sanding boxes for various diameters. 
 

 
Figure 18 - Ben Philbrick shaping spar with spar plane. 

 
A few half-circle templates, good light and a practiced 
eye attached to strong shoulders complete the job. Add 
hardware and many coats of shiny varnish, and they’re 
ready to go sailing. 
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Figure 19 - Shaping spar with sanding box. 
 

 
Figure 20 - Original 1912 end bell installed on new boom. 
 

 
Figure 21 - Original 1912 outhaul car on new boom. 
   

 
Figure 22 - New outhaul end fitting, sheave and track. 

 
CONCLUSION 

 

 We have tried to come up with a method which 
allowed us to construct spars that are faithful to the 
original design and specifications with a modest amount 
of outlay in time and tooling. The reults which we were 
able to obtain seem to have met the initial design criteria 
and pleased the engineers and clients involved. We are 
currently using the same methods to construct spars for 
the three boats of the Herreshoff  Buzzard’s Bay 30 class 
which are being rebuilt by French & Webb, of Belfast, 
Maine.    
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Figure 23 - Herreshoff Manufacturing Company spar plan for 711 Class (NY 50). 
( Hart Nautical Collections, MIT Museum)  




