Daan Schutte on runners

This article is about runners used for DN-racing. The reason for writing this article is the change in runner-usage because of recent changes in other aspects of the DN, mainly the use of flexible composite masts. The first part is about the runners the specifications allow you to use and the conditions you would use specific runners for. Part two is about steeltypes that are used for different runners. Part three is about runner sharpening, sharpening angles, crown and the effect ice conditions have on these aspects of sharpening. The last part is about building runners and the most common problems encountered when building runners. 

Allowed runner types for the DN

The first type of runner is of course the platerunner. This is the runner used in the original DN design. This runner is built of a steel plate, 6 mm thick, which is reinforced with stiffenening elements usually made of aluminium, steel or wood on the top 50 mm of both sides of the runner.

This stiffening element fits inside the chocks.

The insert runner is the runner type that is used in most races today. This runner is built using a wood body, with a slot sawn in the bottom. A steel strip is then glued inside this slot and extends a maximum of 38 mm. The steel strip used may be 5 or 6 mm thickness and the runner can be longer than the plate-runner.

The T-runner is basically the predecessor of the insertrunner. This runner is a steel T-section with a wood body on top. The thickness of the T has to be between 4 and 7.4 mm and the length of the runner is the same as the insertrunner.

The last allowed runnertype is the angle-runner. This is a runner you do not need in Holland, but is sometimes needed in international races, when the ice has gotten slushy.

When to use which runner?

The most frequently used runner is the thin (5mm) insert runner. This is the basic runner for the following reasons:

· It is long (91.4 cm).

· The steel used can be obtained in most alloys

· Because of its low thickness it has little resitance in thin snow crusts

· It is a light runner (3.8 Kg).

For the steering runner I use a slightly shorter 5 mm insert runner. Lenght is good because the runner can be flatter, which spreads the pressure over a greater surface. This reduces the resistance. Secondly, a longer runner gives a smoother ride over uneven ice, which also reduces resistance.

In high wind and smooth ice conditions sailors also use thick (6 mm) inserts. The reasons to choose this runner are:

· It is heavier than the 5 mm version (4.4 Kg).

· It is stiffer than the 5 mm insert.

The higher weight  means you could build up more pressure, but the latest generation of composite spars has made this reasoning obsolete. The tendency to hike is reduced in puffs instead of increased.

The added stiffness of the 6 mm insert compared to the 5 mm one is around 5 percent if carbon reinforced woodbodies are used. In short: You should bring your 6 mm inserts if you own them, but if you are starting in the DN these are not the inserts you need to build first.

The T-runner has a very limited use. It is light and it is the thinnest runner allowed with its 4 mm minimum. This is why this runner has the least resistance in a thin snow crust. A downside is that the T-runner only has a 25 mm clearance from the ice, which means that this 25 mm is the maximum snowthickness in which you can use the T-runner. Another downside is that T-section is available in only a very limited number of steel-alloys, none of them abrasion-resistant. All this and the limited reduction in resistance compared to the thin insert has caused a decline in use of this runner. I do not think it is worth carrying with you.

T-runners of medium thickness; 5 and 6 mm are inferior to inserts in all aspects.

Thick T's with a 7.4 mm thickness can be used on soft ice, if thinner runners dig in deep. In this case using angle-runners is probably more effective because of their lower weight. All in all, if you are carrying a limited arsenal of runners T-runners are the first to skip.

Platerunners are still used extensively. They are neccesary if the snow height is more than 40 mm, because inserts can not get through. As speeds in these conditions are not very high and in order to reduce weight, the most effective platerunner in these conditions have minimum length. This also helps tacking.

For recreational iceboaters the platerunner is still the first choice, because they might not be the fastest runners in all conditions, but they are certainly the most versatile.

Anglerunners are only needed if you sail on slush and all other runners dig in too deep. This means that all international sailors carry them but they are rarely used. In Holland they are never used because if the toplayer thaws that bad, the icelayer is not strong enough to sail anymore. Some sailors use these runners in light-air conditions because of their low weight, but only if there is absolutely nothing on the ice, because the thickness of these runners causes very high resistance through snow crusts. Further disadvantages of these runners are the difficulties in sharpening them and the fact that angle-sections are only available in a limited number of steel-alloys.

Steel for iceboat runners

The DN specifications only allow standard fabrication steel types to be used for iceboat runners. special products are not allowed. Many steel companies produce high-alloy stainless steel in plate. These are therefore allowed in the DN. The fact that this steel is only produced in plates means that the following part is only about platerunners and insert runners. The high forces and thin plates used in inserts demand high-strength steel for these runners. Further mechanical criteria for steel types in iceboat runners are: Hardness, resistance against abrasion and attainable hardness through hardening.

Further criteria are: Heat conductivity and resistance against corrosion. A low heat conductivity is important to avoid snow freezing onto the runner sides. Corrosion degrades the runners and produces extra runner resistance.

The many different stainless steel types are categorised in different systems. The USA has the AISI system and Germany (and Europe) has the werkstofnummer-system. The generally used stainless steel types are 304 and 316 in the AISI system. These two are the only ones in which T and angle sections are produced. This obviously limits the choice for these runners. Experiance teaches us that 316 has the greater resistance against abrasion. One further note: The German system is much uses smaller tolerances on allowed alloys and therefore divides the steel types in many more different types.

The most important components of a steel alloy and their effects are:

Chromium(Cr) increases tensile strength, lowers the cooling rate neccesary for hardening and increases resistance against corrosion. Chromium also lowers heat conductivity.

Carbon(C) increases tensile strength and attainable hardness. Furthermore, carbon increases resistance against abrasion.

Within the AISA system, only two stainless steel types are listed with a carbon percentage above 0.75%; 440B and 440C. These two steel types can be hardened and they are harder and more resistant to abrasion than any other AISI steel types.

In the USA 440C is the standard material for runners which already shows that the choice in good runner steels is very limited. The standard steels that are corrosion resistant and can be hardened listed in the European (German) system are the following werkstoffnumbers: 1.4111, 1.4112, 1.4125 and 1.4528. The fact that the second and fourth of these types were already imported to Holland by Wim van Acker two decades ago proves that there is little news on this front.

Two more recent developments are worth mentioning here: Powdermetallurgic and precipitation-hardening steels.

Powdermetallurgic steel is produced in a novel way: The elements of the alloy are mixed in powder form and then heated and pressed to a sheet form instead of mixing them in a smelt and then pouring out the hot liquid material. The advantages are a better mix of the elements and a finer grain structure. Steels like this are not yet used extensively in iceboats because they are rarely available in corrosion-resistant alloys and because they are very expensive.

Precipitation-hardening steels kan reach the same characteristics as hardened stainless steel, but without the deforming proces. A normal hardening procedure is to heat the steel to a certain temperature and then cool it down rapidly to ''freeze'' the structure. The important element here is the carbon-iron carbide, cementite. This is why the carbon is needed. This cementite makes the steel hard and brittle, but the heating and cooling makes the steel sheet warp. This is then corrected by annealing the steel back and grinding the steel surface. All in all a very expensive procedure.

Precipitation-hardening is a different procedure: The change in structure is achieved by artificially aging the material at an elevated temperature (500 degrees centigrade). This is the same hardening procedure as used for aluminum and like with aluminum the results greatly depend on small changes in the alloy. Because this procedure does not deform the material and the fact that steel-manufacturers are able to achieve an ever more constant alloy this is where the future is for tool steel. I think some time will pass before these steels spin-off into iceboats

It would be possible to use non-corrosion-resistant hardened steel as a cheaper alternative to the steel types mentioned above. I would not recommend this as these runners would not come out that much cheaper and they can only really be used at very low temperatures (below -10) as the moisture would start corroding the runners at higher temperatures. The rust would increase runner resistance.

All this makes it easy to decide what type of steel to use for your plate and insert runners: Hardened 1.4112 or 1.4528. The best choice for T- and angle-runners had already been determined to be 316, which is 1.4401 in the European system.

There is one last subject I need to go into about runner materials: Welding the ice contact edge. This way you can get two different materials into your runner. This has been tried in DN runners and good results have been obtained with stellite. This is a cobalt alloy that gives the ice contact edge properties very close to hardened 1.4112. Making runners like this is very labour-intensive and this makes welded runners very expensive. I have built a set of short plates for snow out of 316 steel with a stellite edge. The 316 conducts heat very slowly, which helps to avoid snow freezing onto the runner. I am not sure yet if these runners were worth the extra work.

Runner sharpening

After the steel types I would get into runner sharpening. This is a subject that has been influenced by the emergence of the new composite spars and the higher speeds that are now reached. On smooth ice with high windspeeds all top sailors now use very sharp runners. This is neccesary because a puff should make the mast bend and the iceboat accelerate. If a puff makes the DN skid sideways (even just a little bit) the mast does not react and the boat does not accelerate. This has made the heavier sailors who used to use 100 degree runners all the time go down to 90 degree runners in high wind conditions. The added safety helps also. Lighter sailors have the advantage that they do not have to switch to a greater angle when the wind and ice hardness go down.

About runner crown

First of all you need to make sure you use the same method to measure the crown as everybody else to make sure you can compare notes. The way to do this is to set up the runner on a straightedge. This is a measurement tool which is basically a 10x50x750 millimeter steel bar which has been machined to be straight within a very small tolerance. You then slide strips of 0.2 millimetres thick between the straightedge and the runner, one from the front and one from the back. You slide the strips in  untill they are stuck and then you measure the distance between the strips. This distance is your crown measurement.

The part of the edge in front of the forward strip, the entry, should rise from the straightedge gradually up to 4 millimetres. The aft part (exit) should also rise gradually up to about 2 millimetres.

The runner bolt ahould be 20 to 40 millimetres aft of the middle of the crown.

For a 75 Kg sailor 48 to 52 centimetres is a good crown measurement for 90 degree runners. A steering runner should be rounder; 40 centimetres seems to be perfect. For a heavier sailor, 95 KG for instance, good crown measurements are 40 to 47 centimetres for 100 degree runners. Of course crowns as flat as this are not possible on short plate runners. For a 75 Kg sailor a 28 to 30 centimetre crown at 100 degrees gives a similar grip as the flatter 90 degree runners. As mentioned before, these short platerunners are especially suited for use in thick snow covers. A 100 degree runner has a tendency to ride up on a snow layer, instead of cutting through it. That causes unneccecary resistance. The way to avoid this is to keep only the part within one millimetre of the ice contact edge sharpened to 100 degrees and sharpen the remainder of the runner to the minimum angle of 75 degrees.

Ice hardness is of no concern here, because ice is never soft under snow; if it were, the snow would have melted.

In sharpening two things are far more important than the angle and crown:

Firstly, the edge of the runner must be absolutely straight (and parallel to the other side runner).

Secondly, the runner edge can not have any concavities, however small. I do not know why concavities have such a disastrous effect on runner resistance, but this is a proven effect. To check for concavities, place a lightsource behind the straightedge and roll the runner over the straightedge. If light is visible between two contact points, you need to resharpen. By the way, concavities appear because of a lack of patience. If the runner edge gets too hot when sharpening, it expands, making the runner rounder. If you then sharpen the runner flat, the edge will be hollow after cooling down. This is why you should only measure the runner crown after it has completely cooled down.

In order to avoid heat buildup and in order to be able to sharpen the runners quickly it is imperative  to work with sharp belts of the right grit size. To get a first rough edge on the runner I use P36 zirconium belts. They take off material quickly without too much heat buildup. To get the crown right I use P 120 belts. These are also used to resharpen dulled runners; one or two passes with P 120 and then finer. The finer grits are only used to improve the edge finish. You would normally use: 220-400-800..
Building help

As promised here are a couple of important things to consider when building your own runners

· Angle steel will easily get very hot when sharpening. Because of this you should not glue the angle on the wood body with epoxy. Use 2-part polyurethane glue instead. This can take much higher temperatures.

· The wood body of an insert runner shoud have a high breaking strength in the bottom of the slot. For this reason you should not use solid wood with the grain in the same direction as the slot. Use a hardwood plywood instead. I prefer birch.

· Plane the wood body of an insert runner to the minimum thickness (22.5 mm) to be able to laminate as much carbon on to the runner as possible. Use approximately 1000 grams per square metre of which at least 80 percent in the direction of the slot.

· Avoid drilling through the carbon fibres as much as possible to avoid losing strength and stiffness.

· Make sure the plate/strip/T is absolutely straight before assembling the runner.

· Make sure the steel surface is very rough (by sanding or sandblasting) before applying glue.

· Increase the strength of the insert runner by glueing pieced of thread through the bottom of the wood body and the steel strip.

In conclusion

This has become a rather large article even though it only descibes the most important aspects of the DN runners. It is obvious to me that you have to put a lot of time and/or money into  your runners to be able to compete at the international top level. It is not the case, however, that those who have been putting a lot of effort in for the last ten years have a substantial advantage because they own so many runners. The best sailors rarely use more than two sets of runners. You can have competitive runners for 95 percent of the time by making sure your basic set is in perfect order. I would agree that DN-racing gets more expensive because of the higher demands on equipent, but by concentrating your efforts on the most effective equipment only, you can work on a budget. The development that fewer and fewer sailors succeed in building their own competitive equipent is not a good one, for which I do not have a solution. Make sure to contact experienced builders to help you through building your own runners, I am sure they will all be glad to help.

