Development of a World-Class Furler
By Fred Cook


As a leader in the design of sailing hardware, Schaefer Marine undertook the bold task of developing a state-of-the-art headsail furling system. By the mid 1980s, numerous American and European furlers were already on the market. Some of these had high name recognition among sailors, but we thought there was room for a vast improvement in the furling systems of the day.  Our primary goal in building a new furler was to provide our customers with a product that met

their expectations of Schaefer’s  normal high quality. And so our project was to develop in an orderly fashion through a series of stages.  Schaefer’s furling system endeavor was extremely thorough and occupied our design team for many months.

STAGE 1 — RESEARCH
Our first step was to interview a large number of sailors who use Schaefer products. We found they had very definite ideas on features they wanted in a first rate headsail furling system. They preferred all metal construction with no use of plastics. The new furler must have an absolute minimum of friction in the bearings, but be low maintenance at the same time. The drum should be a single line system for rope, should be open so that tangles could be unwound and the cage must be removable for easy conversion for racing. Installation of the system must be easy, with little modification to the headstay.  Access to the turnbuckle for head stay adjustment needed to be simple as well. Schaefer’s customers also wanted high torsion foils with twin aft-facing grooves that would allow deep reefs in the headsail. And it had to look good.

These were some pretty tall orders for the Schaefer design team.
Our next step was to analyze the furling systems already on the market. We obtained actual units of all the U.S. and European furlers, took them apart, read the directions and studied their strengths and weaknesses. We paid particular attention

to manufacturing methods and the fit and finish of each brand, noting where better production methods might improve the product.  To see how each of these potential competitor’s product held up in actual use, we made the rounds of boat builders, boat yards, riggers and other service people who deal with headsail furlers. We dug through junk piles of systems that had failed in use, some of them surprisingly quite new. After numerous forays into the field, our notebooks were filled with horror stories of halyard wraps, failed bearings, corrosion, broken foil joints, lost roll pins, corroded screws and shattered plastic parts. The true scope of our project became even more sobering.  One thing was obvious; to pack all of the features we wanted into a furler and maintain a high quality fit and finish could only be accomplished on Schaefer’s state-of-the-art N.C. machine tools. Done this way, tight tolerances and a great appearance could be achievedwhile maintaining a competitive price.

STAGE 2 — THE DESIGN:
It was time to start with a clean sheet of paper. We were convinced that the success of the new Schaefer furling system would be contained in the bearing system.  We noted that many of the systems on the market used steel ball bearings packed in grease held in with rubber or neoprene seals. While carbon steel bearings have high load bearing strength, the seals inevitably fail causing very rapid deterioration of the bearing system.  A few builders tried to evade this problem by using stainless steel bearings. In practice, however, stainless corrodes quickly when constantly immersed in salt water and air flow to the bearings is restricted. The Schaefer designers turned to Amoco Torlon, a high load plastic material we had experience with in our ball bearing blocks. For the loads on the furling system, we were very conservative in our design, using far more Torlon ball bearings than were called for in the Amoco specifications. While other furlers on the market used two rows of balls, the Schaefer would use three. We had also seen square cut bearing races in some competitor’s systems that allowed some of the ball bearings to idle. Schaefer considered the bearing races to be of prime importance, and designed them to supported and remain in contact with all the Torlon balls. This is where Schaefer’s superior ability to machine angular races to .001” tolerance could build a better furler. But we went even further in the bearing system. We found many furlers in the trash heap that had failed because the retaining rings holding the bearings in place had failed. These systems had all the halyard and sail loads falling directly on the retaining rings, and when the rings fail, the bearings simply fall out. Schaefer properly placed their rings on the unloaded side of the bearings.  We also made the bearings system removable in the unlikely event of it ever needing repair. Clearance was left at the bottom of the swivel for a hydraulic press mandrel, and the races are completely replaceable.  Once the bearing design was settled, the Schaefer design team turned to the stemhead fitting.  Our customers and riggers had specifically told us they wanted a system that was easy to install. In any over-the-headstay furling system, however, one of the terminalends on the headstay wire must be removed so that the foils will fit over the wire. Once cut, the headstay is now too short to be re-used unless an extra long fitting or some other unacceptable stay extender is used. In addition, we had noted system failures in furling systems that had lost all toggle action at the stemhead and did not allow the turnbuckle to move sideways with sail pressure.  The Schaefer team came up with a unique solution. A heavy duty toggle and link were designed that provided complete articulation at the stemhead to combat side loads from the sail and furling line. The link was made so that the existing turnbuckle pinned directly to the top of it, there by re-gaining the length that was lost when the old fitting was cut off the top of the headstay.  The furling drum did not have to be raised off the deck with this toggle assembly, and the original stay and turnbuckle was saved.  Longer link plates were made available for the cruising sailor wanting to raise the drum to clear anchors and rodes.  This special Schaefer toggle design allows the furler to be installed from the bottom up, beginning by attaching the drum and sliding the foils down from the cut end at the top. Each furler is supplied with a Sta-Lok eye to replace the top wire termination. But those headstays with a swage turnbuckle stud at the bottom of the headstay, and adequate turnbuckle adjustment, allow installation of the furler from top down. This feature is especially appealing to boat builders and professional riggers.
The Schaefer designers turned to Amoco Torlon. While other furlers used two rows of balls, the Schaefer would use three.
Torlon™ Ball Bearings 
Triple Race Amoco Torlon ball bearings offer high compressive strength and require no lubrication.


From the deck toggle we worked our way up the new furler to the drum itself. These we milled in two matching halves on Schaefer’s N.C. tools. This made them removable for racing or for easy replacement. The drum cage was also split.  It was designed with an “open” configuration, avoiding common chafe problems and making a snarl in the furling line both visible and easily remedied. This cage is not a simple weldment of easily damaged rods as we had seen on some competitor’s units, but a sculpted stainless steel investment casting. This beautiful fitting protects the drum from errant anchors and enhances the look of the boat at the dock.  The drum is attached to the torque tube. As its name implies, it does much more than simply hide the turnbuckle. It transfers the rotational motion from the drum at its bottom to the foils at its top. In order to adjust the turnbuckle underneath, the fasteners that hold the torque tube in place must be removed. We had seen many systems with the fasteners stripped or corroded beyond further use during our field work. To prevent this we build the Schaefer furler with stainless helicoils, or

small permanent thread inserts, that add strength and prevent corrosion at the torque tube. To avert possible loss, we even use captive fasteners.  From the top of the torque tube rises the working part of the system — the foils. We wanted the smallest shape we could design and still have foils that are rigid and will not twist. We originally began with an elliptical “air-foil” shape but were so disappointed in its eccentric “flop-flop-flop” motion when rolling in or out that we abandoned it. Next we tested several European round foils. We found most of them too large in

diameter to have good windage characteristics, and too thin in wall thickness to have proper

torque resistance. The Schaefer team eventually arrived at a smaller, thicker-walled round foil with two luff grooves on the aft face.  Not only has windage been reduced, but the resulting foils are strong enough to take a blow from a spinnaker pole without damage.  Our notes showed us that the joints between foil sections was a common failure point in the field. Systems using spring clips, formed indentations, roll pins or threaded fasteners all had problems. Stripped screw heads were common. Some systems were even glued together with the quality control left in the hands of the installer. Improperly installed, these could come apart of suffer from corrosion. Properly glued in place, the systems were nearly impossible to disassemble for future repairs.  Schaefer simplified the whole process. First, the connector pieces were designed in a “C” shape so that they can be applied to the wire rather than having to slide all the way from the cut end at the top. These “C” shaped torque connectors have small hollows designed into each side separating the inner barrel riding on the wire from the shell that mates the two foils. The upper and lower connectors were designed to be longer than standard to withstand higher side loads at the ends of the system.
Then Schaefer uses rivets to lock the foils together.
This is not a simple weldment of easily damaged rods but a 
sculpted stainless steel investment casting.
Stainless steel rivets have many advantages. They are easy to install and form a very positive

joint. Rivets can not back out or strip, and they require no gluing to be effective. And yet they are

instantly removable by drilling off the head and punching the body of the rivet in. New stainless rivets are easy to obtain and replace.  The hollows inside the “C” connector prohibit the inside tip of the rivets from reaching the headstay wire, thus preventing wire damage. Schaefer’s high-tech

machinery comes into play again, pre-drilling the ends of the foils and “C”connectors so precisely

that a perfect fit is achieved on every foil joint.  The finishing touches were added to the Schaefer furler. A machined top cap of solid aluminum covers the only hand cut foil in the system, avoiding snagging halyards and preventing the halyard swivel from being hoisted over the top of the foils. Lastly, a petite investment cast stainless steel prefeeder was inserted in the foils to make bending a standard #6 luff tape smooth and easy.

STAGE 3 — PRODUCTION
Turning the new Schaefer furling system from drawings into reality was our next challenge. Since

both the appearance and the longevity of the system were of major concerns, we began by con-

sulting the experts at Alcoa. Based on their recommendations, the Schaefer bearing races and “C” torque links are hardcoat anodized to U.S. Navy Standard MIL-A-8625 Type 3 which has a Teflon impregnation to improve wear resistance. For the foils, drum and torque tube, we chose the Alumalit No. 215-R1 coating process designed for very severely corrosive environments. Not only does this process put a thick inert oxide coating on the aluminum, it provides the handsome satin silver finish only found on Schaefer furlers.  Before a Schaefer furling system is coated, however, it has been precision machined in our shop and each piece of extrusion is examined and filed by hand. This extra attention to detail gives each Schaefer system greater ease of assembly and fewer problems in use.

STAGE 4 — TESTING
Schaefer’s decades of building sailboat hardware has taught us that the true test of a new piece of gear is out on the water in daily use.  Once we were ready with the design and production, we built five prototypes of each size furler.  These were installed on boats we felt represented the toughest use we could get in a relatively short period, and the owners were instructed to beat them up, abuse them and report back to Schaefer with their criticisms. No one wrote back.

Two of these model 2000 prototypes have interesting histories.  One has been on my personal

boat for 11 years as a test bed for Schaefer marine. The other made a passage from Florida to Trinidad and return. This boat was sold to a new owner who then sailed it to Australia via Panama. At last report, the Schaefer furling system was still performing admirably.  As a

result of this testing, however, we did make one minor improvement to the Schaefer systems in 1995.  Nylatron bearing liners were added between the headstay wire and the “C” torque links to prevent long term corrosion. These liners also eliminate any chatter or slapping noise that had unnerved some owners when the sail was luffing.  The combination of dedicated research, design, production planning, and testing has resulted in a headsail furling system that is second to none. We are proud to prominently display the Schaefer name on every furler.

