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Winter Project 2005/2006 - Autopilot installation aboard Tashiba 40, Gray Eagle.
Installing a hydraulic AP drive system aboard a Baba/Tashiba/Panda with canoe stern presents some additional challenges not found on boats with spacious stern compartments.

After many hours of looking at and planning how to orient the hydraulic ram I found it best positioned athwart ship behind the half height bulkhead, (see pictures). 

Forward of the “Half Height Bulkhead” was considered. This is possible using the Raymarine electric linear drive, Type 2. This unit mounts 14” out on the tiller arm and mounts without interference with the outboard hull and steers hard over to hard over in a fast enough speed to satisfy most of today’s AP electronics. It seems to me rudder speed is becoming more and more important in the newer AP software algorithms. I was told the Raymarine product still uses a plastic gear that can shear if the rudder is slammed by a following sea. This type 2 linear drive cost as much as a hydraulic system but is a relatively easy installation. A 15” long tiller arm is needed (Edson makes one). The half height bulkhead running athwart ship has the steering sheaves mounted on them so represents an important, unmovable feature in the stern compartment. This structure prevents mounting a balanced ram in any other orientation except athwart ship. 

Here is the dilemma with finding a proper hydraulic cylinder to be mounted on the port side and behind the half height bulkhead: 

First let me say that after careful thought this was the only logical location for a hydraulic cylinder as it would be behind the bulkhead, below the lazarette floor and preserved storage space. The second critical consideration was that the installation geometry between the cylinder and the tiller arm had to be absolutely perfect as per the installation recommendations of just about every hydraulic cylinder manufacturer. In this mounting location very long stroke, balanced cylinders can not be used as the piston extends behind the cylinder and strikes the hull when hard over to port. The geometry for mounting a hydraulic ram is very specific and if not followed to the letter will result in enormous increase in the power needed to turn the rudder. This demand for power will result in high current draw by the hydraulic pump motor which is an unacceptable condition for  sailboats.  In addition, if the geometry is off, the ram will not answer to the demands of the AP electronics in a timely enough fashion and will result in an error message being thrown out. This is usually “Rudder response failure” which can mean almost any parameter requested was not achieved and the guy in the system processing unit got impatient and threw out this arrogant message. 

When we try fitting a cylinder with a shorter stroke the cylinder must increase in diameter in order to have the same power as a longer stroke, small diameter cylinder. This shorter stroke now must be mounted closer to the rudder post and attached to a shorter tiller arm. The closer you get to the rudder post the tighter the canoe stern closes in. As the hull gets tighter, closer to the rudder post, all those short, fat cylinders fail to fit just like the long strokes as the hull gets too close to the end of the piston when fully retracted. So…, as you can see this becomes a vicious circle of compromises.  Ultimately, the compromise for a Tashiba 40 is a two inch diameter cylinder with a ten inch stroke. This will still allow for about two inches of clearance from the very end of the piston to the port side hull when the piston is retracted and the cylinder is mounted to the half height bulkhead, (see photo’s).

Information Problem: 

My AP odyssey started after I consulted with the AP guru from the Long Island area. I decided to pay a consulting fee to have this highly qualified technician come out to the boat and diagnose the five year autopilot problem. For the most part, the problem can be summed up as a chronic “Rudder Response Failure” error message. For $150 I received a two hour education on AP installation and an exact reason why the drive system aboard Gray Eagle never worked properly.  This turned out to be a worthwhile investment. Unfortunately, the solution suggested by this company was financially off the chart for me at $10,000 or more which included all new equipment and the fabricating of a mount. I decided to research this subject and determine what equipment would steer a Tashiba 40 in the ocean in the most demanding conditions and do this installation as a winter project on my own.

The research and project planning started with a call to tech support at one of the biggest hydraulic cylinder manufacturers, Teleflex. This company has become so big and is in the process of integrating so many acquisitions that they have lost control of their corporate efficiency and product organization. To put it in simple terms, Teleflex is in chaos. Their web site is hard to use and some products they sell are not represented online. I called other companies and refined my question pool until I gained a knowledge base of what a hydraulic drive system needs in order to work on a sailboat. This was small progress toward the distant goal of understanding hydraulic drive systems until I called Jon Josephson from JRJ Marine Products Group, (now out of business). Jon knew more than anyone I spoke to prior and was familiar with the components I needed and was a dealer for most all the equipment. Without his help this project would have ended here. 

The solution from JRJ Marine Products Group:

Believe me, this story can go on for many pages with the details of how we arrived at the equipment we did. Let’s just cut to the chase with one exception. I need to explain the importance of the “Rudder Load” specification. This is the force needed to turn the rudder in water at hull speed. It is calculated by the naval architect but a ball park number can be calculated by an end user using a formula and data from the boat. In order to get the correct specification for a Tashiba 40 I called “The Man” himself, Bob Perry. For $200 he re-calculated the rudder load formula which came out to 1000 foot pounds and a “Bob Perry” foot note to go larger on the hydraulic cylinder. (The $200 included a set of sailplan drawings for a Tashiba 40). With this in hand our search for the perfect cylinder led JRJ to a very high quality Kobelt 7050-10. This is a 2” diameter cylinder with a 10” stroke. It was a perfect fit for the mounting space and the load specification was 1600 foot pounds. Very close to what, I believe, Bob Perry had in mind to drive the rudder on a Tashiba 40. Next was a matching pump capable of moving the cylinder at the correct speed to satisfy the autopilot electronics. It would be nice if the pump also had a hard over to hard over speed adjustment so future, demanding, software can be accommodated. Taking this all into consideration, including my limited budget the only pump to meet this dream sheet specification was a Teleflex AD 6103. Now, that is what we think the part number is, however, we can not find this published anywhere. This pump is 60 ci. in size and has an adjustable speed dial. Theoretically it is more than capable of handling the demands of the Kobelt cylinder and the new electronics. These are the two major components making up the new autopilot drive system. 

Back to the Boat:

Now that the equipment was ordered I had to make sure the half height bulkhead would be strong enough to handle the forces of 1600 foot pounds that could be repeatedly applied by the Kobelt cylinder. One of the problems with the old system was the movement of the hydraulic ram actually moved the bulkhead it was mounted to. This slight movement had fractured the tabs to the hull and was inducing error in the rudder feedback instrument. The bulkhead was reinforced using ½” thick, G10 board epoxied in place. This material is so dense it destroys drill bits and saw blades quickly. Two gussets running fore and aft bolstered the bulkhead and further reinforced the structure until it was deemed very solid. In order to achieve the perfect orientation of the cylinder to the tiller arm I had a stainless steel shelf welded and holes drilled for the mounting foot and for bolting it to the bulkhead. The shelf had to have the same angle of rake as the rudder post in order to keep both on the same plain. Please read the last sentence again. It’s that important as the majority of AP installations ignores this detail and simply bolt the cylinder to a flat shelf or a vertical bulkhead. Doing so is the beginning of introducing significant error into the system. When the cylinder and tiller arm are properly configured and the helm is centered the angle between cylinder and tiller is slightly less than 90 degrees. When the helm is hard over to either port or starboard the cylinder is perfectly perpendicular to the boats centerline. At the same time the rake of both the rudder post and cylinder mount must match. 

Hoses and fittings to connect the cylinder to the pump:

Following what I saw on other systems I decided to use 3/8” inside diameter hydraulic hose with inexpensive brass fittings. After bleeding the air from the system all worked great. After a season of use my new autopilot is a dream to use with acceptable current draw and plenty of power for the conditions I encountered, so far. However, we have a Monitor wind vane that I insist must remain fully functional as this is the primary AP when in the ocean on long passages. The Monitor does not like resistance in the helm and the new AP, when turned off, has unacceptable resistance or drag during hand steering. When the AP is off the hydraulic fluid is being pushed in a loop and should not result in any resistance to speak of. My goal is to eliminate this during the next winter haul out. From what I understand there are fittings called “Full Flow Fittings” that are not restrictive where crimped onto hose. When crimping a cheap, brass, ¼” fitting to hose you will find less than ¼” flow as the crimp further restricts the opening. The full flow style fitting eliminates this restriction allowing hydraulic fluid to flow with less restriction during hand steering. The down side of using “Full Flow Fittings” is they are made out of steel and will rust if not painted. Another goal to shoot for which will keep hand steering resistance minimized is maintaining the same size inside diameter throughout the hydraulic plumbing. If the hose is 3/8” inside diameter than all the fittings and connections to cylinder and pump equipment should never be less. As soon as one item uses smaller connections you start down the road to restricting the flow of fluid and greater resistance to hand steering. Kobelt, the cylinder manufacturer, recommends 1/2" I.D. hydraulic hose and I will most likely change over to this as well.

What I would do different as of today:

This past summer I used the new AP as much as possible in order to get used to the electronics and work out any bugs. As mentioned above resistance to hand steering when the pilot is off is my only issue. Everything else has been very perfect. The one item I do not have much faith in is the Teleflex pump. I would not buy this product again. The build quality is very poor. The hydraulic supply ports are ¼” and the Kobelt cylinder uses 3/8”. This may be part of the steering resistance problem. The very expensive pump made by Kobelt matches the 3/8” ports of their cylinder and tech support from Kobelt is outstanding. I should have spent the extra money and stayed with the Kobelt family of products. Prior to deciding on the Kobelt cylinder I jumped the gun and purchased an Edson tiller arm. Although this is a beautifully made tiller arm it is not ideal for the Kobelt application. I had to have a machine shop alter, at great expense, the attaching pin to accommodate the ¾” diameter pin used by the Kobelt rod end. It would have been much better to again buy the correct Kobelt tiller arm for the 7050-10 cylinder.  

This was an amazing learning experience. For me the most important lesson was that most marine electronic dealers do not understand the critical geometry required for installation of an AP drive system. They can get away with bolting stuff thoughtlessly anywhere they want on power boats as current draw is never an issue. They tend to undersize the drive system to achieve a price point that will make the sale to a cost conscious sailboat owner. Now I understand that once a robust and carefully installed drive system is completed, any electronics can be made to steer the boat. You should never have to go through this design planning again. In my opinion, the software used in modern autopilots is becoming more and more demanding of fast hardover times from the drive system. It would pay to plan for the future and install an adjustable speed pump to meet this challenge. Hope this helps my fellow Baba sailors who are faced with a new drive system installation. Maybe it will help as a guide and save you time and money with a similar project.
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