Repowering a Pearson 424

Background

My 1979 Pearson 424 sailboat had the original 1978 Westerbeke-60 marine diesel engine.  The engine proved reliable during the 19 years I’ve owned the boat.  After about 2400 hours of service, it was becoming difficult to start.  Oil consumption had been about 1 quart for every 20 hours of operation, but had increased to about 1 quart every 8 hours.  When cold, it would blow blue smoke for about three minutes.  Parts were unbelievably expensive and a rebuild was out of the question.  The W60 has been out of production for a while.  Any remaining parts on the shelf are held in ransom by Westerbeke.  I had dumped over $2k into the engine last year in an attempt to fix these problems, but that didn’t improve the situation.  I was never happy with performance under power and I was tired of throwing money at the old engine, so I decided to repower.  I could have probably gone another year or two with my old engine, but my fuel tank was starting to leak.  In order to replace the fuel tank, the engine must be pulled.  It made sense to repower now.

Do it yourself or pay for labor

I did some investigating and found that a typical repower job runs about $20k.  This includes about $14k for the engine/transmission and about $6k for labor.  This doesn’t include a budget for other related items such as a new fuel tank, propeller, or V-drive.  It is not uncommon for a job such as this to run much higher.  A quick glance at my boating fund didn’t reveal an extra $20k or more for such a job.  I had to find a more cost effective solution.  I first tried to find a rebuilt engine.  The W60 core was of no use as a trade-in since it can’t be rebuilt. I made calls to various shops and found that it would cost about $8k for a rebuild if I didn’t have a core to trade.  If I reused my transmission, I could buy a bob-tail engine for between $9000 and $11000.  In my opinion, buying a new engine rather than a rebuild is a better investment.  This estimate didn’t include the replacement fuel tank or any other extras.  

I consider myself to be fairly handy.  I have a good selection of tools, and some experience with projects such as this.  Still, I’ve never repowered a boat, so this would be a challenge for me.  The question was “am I biting off more than I can chew with this job?”

I did quite a lot of research on the subject.  Several links are listed below.  Most of the work involved is simple assembly.  Normal hand tools and a drill-press would be enough.  A chop-saw and welder would also come in handy for cutting steel.  The heavy lifting would be done with a small crane that can be rented for the job.  

Repowering resources

· http://www.sailpolaris.com/Engine%20Replacement.htm
· http://www.boatus.com/goodoldboat/repower1.htm
· http://www.boatus.com/goodoldboat/repower2.htm
This is an interesting article about repowering a smaller boat.
· http://www.practical-sailor.com/newspics/charts/8912enginereplacement.pdf
· http://www.practical-sailor.com/newspics/charts/901enginell.pdf
Engine Selection Criteria

There are a number of engines available on the market that would do a good job powering the 424.  I would have liked a drop-in replacement, but there really isn’t one available.  All possible replacements require some modification or engine bed changes to work in this application.  

Here’s a convenient list of engine manufacturers.

http://www.balmar.net/Page47-boatinglinks.html
The direction of the replacement engine must be the same as the direction of rotation of the W60.  It is not advisable to change the direction of the propeller pitch to compensate for such a difference.  The Pearson 424 has the propeller shaft mounted off-center to compensate for a tendency for the boat to turn under power.  This correction would be wrong if you tried to change the direction of propeller rotation.  It would be possible to correct this in the transmission or in the V-drive.  Another limitation is the width of the companionway hatch; just under 24”. 

To narrow down the field, I listed some attributes that would be desirable 

in a replacement engine.  NOTE: Discussions that follow that refer to the front of the engine mean the water-pump/alternator end of the engine.  This would be the front if the engine were mounted in a traditional vehicle.

1. A good dealer network – Parts should be easy to come by and experienced mechanics should be easy to find.

2. Fairly priced parts – Replacement parts are likely to be more expensive than similar parts sold for a high production engine, but they shouldn’t be a magnitude of order more expensive.  I’m tired of being gouged every time I need an odd part.

3. High-capacity alternator provision – We spend almost all our time either on the hook or at a mooring.  We are almost never tied to shore power.  Although we have engine-driven refrigeration, our power demands are still quite high, about 100AH/day.  I’ve experimented with solar panels, and temporarily mounted a small generator on the deck.  Since we must run the engine for about 90 minutes each day to keep our reefer cold, having a charging system that can charge our batteries in that same amount of time is highly desirable.  Our existing smart regulator and high-capacity alternator meet this goal.  It is very large and may not fit on a new engine however.

Some engines allow have room to mount a second alternator while others allow replacing the stock alternator with a larger unit.  In most cases, the stock alternator can only be replaced with an 80A alternator or less without overloading the belt.  For some people, an 80A alternator will be sufficient.  We rarely have shore power available, so keeping battery charge times low is important.  I would find an 80A alternator to be too small.  Having been stranded with a failed alternator in the past, I favor having two alternators.  This would allow independent battery and charge system for the starter battery and the house banks.  If either system fails, the engine can still be started.  Replacing a stock alternator with a high-capacity alternator frequently presents problems that can be avoided by mounting a dedicated high-capacity alternator.  The stock alternator typically runs with a single belt that also drives a water pump.  A single belt is rarely capable of driving a large alternator.  Dual-belts require tensioning to a degree that can overstress the bushings on a water pump.  Even so, I would have accepted a configuration that uses a single alternator as long as it had sufficient capacity to keep up with our power demands without excessive recharge times.  There are other ways to separate batteries and I can always keep a spare alternator onboard.  

4. Optional mount for refrigeration compressor –Although some engines offer a refrigeration mount for their engine, none of them offer an out-of-the-box high-capacity alternator mount and compressor mount unless some custom fabrication is done.

5. More power – I was never able to cruise at hull-speed under power.  The computed hull speed of the ‘424 is 7.5kts.  I’ve observed that the actual hull speed is about 8.3kts.  I suspect that the boat squats when pushed hard, providing a longer effective water line than the 33’8” spec.  I typically cruise at around 6.5kts.  Full-throttle would drive the boat at 7.3kts at 2200 rpm, if I could take the noise and vibration for any length of time.  

I never liked running the engine hard for long periods of time.  I estimated that having 20% more power would let me run at a satisfactory speed.   The boat was slightly overproped, so I was never able to achieve full rated power from the engine.  I calculated that I was getting about 47 hp out of a possible 53hp.  I want a power reserve too, so I added an additional 20% to the power budget.  This works out to about 70hp.  I decided to consider any engine that was between about 65 and 85hp.

6. Full instrument panel – Idiot lights are great, but in my opinion, they are only a backup for full gauges.  At a minimum, I require a tachometer, engine hours, oil pressure, coolant temperature, and fuel level.  I also require an engine alarm.

7. Recent design – Having been bit by an out of production engine, I am reluctant to consider an engine that might be anywhere near the end of its production cycle.  I don’t know how much longer I may own my boat, but 30 years is not out of the question.

Even though I don’t have to pay someone by the hour, I’m not anxious to take on more work than necessary to complete the job.  Having an engine that has an exhaust system that comes off the front of the engine and with mounts that are at a height similar to the W-60 would make my job easier.  All of the engines I looked at required a 3 inch exhaust system.  The smaller W60 exhaust would have to be replaced no matter which engine I selected.  As long as the mounting configuration of the replacement provids enough room to route the exhaust hose from the back of the engine aft to the water-lift, having a back mounted exhaust system isn’t a problem.   The main consideration was how much rework would be needed for the engine bed and how to connect the alternator and compressor.

My particular boat had some maintenance items that had to be corrected no matter which engine is chosen.  This made selectioin easier since there was some work needed regardless.  

1. The engine bed was, in my opinion, poorly done at the factory.  The bed showed signs of sagging outward.  This caused the engine mounts to toe out.  I’d have to either strengthen the existing bed or remove and replace the bed.

2. The throttle cable from the original engine was damaged when a belt broke.  It needed replacement.

3. My V-drive is tired and should be replaced soon.  They come with different gear ratios. This means that I could change the ratio in my V-drive to accommodate an engine with a different engine speed.

There are additional issues unique to my situation that influenced my decision.  

1. I have a new propeller shaft and coupling.  This doesn’t directly impact my decision, but it would be a consideration were I to change propellers.

2. I have a folding propeller that is in very good condition.  This is slightly oversized.  I could have the blades replaced with a different size for about $1000, but I could save this expense if I can mate a new engine to this propeller.

3. My Velvet Drive transmission was recently rebuilt.  Although I could probably put it on e-bay and recover some of these expenses.  It seems like a waste to replace this perfectly good transmission.

Engine selection

There are many possible engines that would work in the ‘424.  I won’t go into the reasons I rejected any specific engine.  Most were rejected either because their dealer network was too small, the engine too big or heavy, or I didn’t trust that parts would be available for another 30 years.  

All the engines I evaluated come either without a transmission (bobtail), or with a transmission.  In most cases, various transmissions are offered with differing gear reduction ratios and drive angles.  The W60 Velvet Drive transmission has a 1:1 ratio and a zero degree drive angle.  As far as I can tell, none of the other transmissions are offered with a 1:1 gear ratio, though they can all mount a bell housing that will accept a Velvet Drive transmission.  This transmission has a great reputation.  It has proved to be robust and is still offered as an option for many engines.  I recently rebuilt mine, so I favored reusing the transmission and purchasing a replacement engine properly configured to mount this transmission.  In my opinion, this will simplify the installation and allow reuse of the shaft brake should I ever decide to replace my folding propeller with something that requires one.

Here’s are the engines that I selected as best candidates. 

Westerbeke 64

The Westerbeke 64 is a natural choice for a replacement for the W60.  Displacing about 3Liters, the naturally aspirated engine should do a much better job of power the 424 than the original engine.  The torque curve and power band of the W64 looks similar to that of the W60.  The engine mounting dimensions are also similar.  If my engine bed were in good shape, I think I could have mounted the W64 on the same engine bed.  The engine is offered with a transmission that uses a 2:1 gear reduction.  It can be configured to accept the Velvet Drive transmission.  It can also be configured with the exhaust off the front, but in doing so, the size of the alternator is restricted to 60A due to space limitations.  The engine comes with optional mounting brackets for a refrigeration compressor.  Since the stock alternator is too small to meet my needs, I’d have to do something about mounting either a second alternator or take the exhaust off the back.

The instrument panel is small enough to fit in the 424 instrument box.  If the key switch were relocated, it appears that a fuel gauge could be dropped in its place.  This would make an easy refit.  Westerbeke did a very good job planning the instrument panel.

Hansen Marine, the local distributor, was very eager to answer questions.  They even set an engine up with a refrigeration compressor bracket for me to inspect.  After being abandoned by Westerbeke in the past, I was reluctant to purchase a replacement engine from them.  The engine also didn’t provide as much power as I had wanted.  I’ve also worked with Hansen in the past.  Their service department is very competent and they are a pleasure to do business with.  My only complaint with them is that they are very expensive.

http://westerbeke.com/products/diesel_engine_detail.cfm?eng=31
Cummins 4B3.3-M

Cummins makes a very competitively priced 3.3L naturally aspirated engine that looks like a great replacement candidate for the old W60.  It has perhaps the largest dealer network of any marine engine.  It is very similar to the W64, but has a significant price advantage.  The engine is a Kamatsu block modified for Atlantic Marine (the mid-Atlantic regional distributor) by Transatlantic Diesels, one of the Cummins Marine engine dealers in Virginia.  Komatsu is a very reputable Japanese manufacturer of large industrial engines and heavy machinery such as commuter trains and excavation equipment.  Even though TAD does the modification, it can be purchased from any Cummins dealers.  I chose to contact TAD directly for the purchase, since as far as I can determine, they are the only distributors that can answer questions about the engine.  It comes with a bell-housing and heat exchanger for the Velvet Drive.  TAD even sent me drawings that showed mounting dimensions in that configuration.  It lacks mounting options for a refrigeration compressor.  It also lacks a mount for a second alternator, though it could accept a fairly large primary alternator using the stock oversized drive belt and an optional Balmar mount kit.  This kit would not only allow mounting a Balmar alternator, but any alternator that uses a standard dual-foot mount.  The exhaust comes only off the back of the engine.  It even had provisions to route the control cables from either end of the engine, though it is unclear that the actuation direction would be correct if the cables come in from the front.  One minor drawback was the fuel filter.  It would be difficult to reach for service but it appears possible to relocate.  

The Cummins engine comes with a nice instrument panel that includes all the features I wanted except the fuel gauge.  The panel lacks a provision to add a fuel gauge.  A new panel would need to be fabricated.

There were many engine features that I liked, especially the lower price tag.  After a lot of research and comparisons, I had selected this engine to purchase but wanted to resolve a few nagging issues before writing out a check.  The warranty period offered by Atlantic Marine was for only 12 months.  If the engine were purchased as an industrial engine, the warranty period is 24 months.  It seemed odd that the warranty period was shorter if purchased as a marine engine.  There was a question about cable actuation direction that needed to be resolved. Also, the fuel filter must be relocated.  After waiting for over a week for an answer from TAD, I contacted Cummins directly and found that the basic engine warranty period was issued by Cummins for 24 months.  The more limited Atlantic Marine warranty only covers the marinized parts. 

I exchanged several email messages with Transatlantic Marine in an attempt to iron out these details.  The owner lost patience with my questions and suggested that I take my business elsewhere.  If his pre-sales service is so poor, I can’t imagine what his post sales service would be like.  Too bad, since I think the engine has potential.  If TAD were a little more attentive, I’m confident that I would have purchased this engine.  I’ve heard complaints about their service from other customers, but I’d never had a bad experience until now.  His rude behavior soured my opinion of the engine so I dropped it as a possible replacement.

http://www.tadiesels.com/cu-B3.3M.html
Industrial version of the engine

http://www.cummins.com/eu/pdf/en/products/powergeneration/B33G.pdf
Yanmar 4JH3-TE

Yanmar makes a 2-liter engine that is very popular.  It comes in three models, naturally aspirated, turbo, and inter-cooled turbo.  The first two models, having 56hp and 75hp respectively would be good choices for repowering the 424.  The inter-cooled model would fit, but I think it would overpower the boat.  The first model lacked the extra power that I was seeking.  This might be a good choice for someone who is happy with the 54 hp provided by the W60.  For my needs, the turbo-charged model would be the better choice.  It was the most expensive engine of the three, but offered the most power.

The engine is offered with three transmission options.  All three provide gear reductions.  Two of the three have the drive shaft run at a down-angle.  I consider this configuration to be too difficult to adapt to the 424 engine bed.  The third transmission, KBW20-1, is offered with three gear rations from 2.17 to 3.19.  All three would turn the propeller too slowly for the prop I have unless I reduced the gear ration in the V-drive or changed the propeller.

They also offer an SAE bell housing that would allow fitting the velvet drive.

Yanmar lacks factory options for a refrigeration compressor or second alternator but there are aftermarket options available.  After digging deeper, it turns out that a custom mounting platform must be fabricated in order to mount engine options.  Yanmar calls this a “common bed.”  There are no off-the-shelf mounts that can be ordered that support both options.  There are aftermarket brackets for compressors and optional high-output alternators of up to 80A available from Balmar.  

Link to the Yanmar website.

http://www.yanmarmarine.com/products/product_jh.php
The purchase

Payment and delivery

Living in the “Live Tax Free or Die” state of New Hampshire gives me a small advantage when making large purchases, no sales tax (no income tax either – eat your hearts out if you live in the other lower 48 states).  This only works if I make my purchases in the state though.  I found an in-state dealer, Great Bay Marine in Newington, New Hampshire.  The staff at Great Bay was very pleasant to deal with and eager to help.  Their knowledge of the Yanmar engine I purchased was very limited however.  I usually worked with Tom Brown, their sales representative.  He was very pleasant to deal with and made every attempt to find answers to my questions.  I consulted Mac Boring, the regional distributor, for most of my technical questions.  My experience with them is mixed.  If I could reach Jere Russo, I usually got a correct answer.  Although everyone else was very polite, they usually didn’t have a correct answer for my questions.  

Payment had to be made up-front.  I was a little nervous about sending such a large check out.  Great Bay has been in business for years and has a good reputation, so I had a very low risk of funds getting lost.  It took about three weeks after payment for Great Bay to receive the engine from Mac Boring.   I’m sure that they would have been happy to ship or deliver the engine from there for a fair price.  They are only about 90 minutes from my home, so I picked the engine up myself.  An engine like this isn’t something that you can just pick up and move about without some forethought.  I have a small utility trailer that I use for moving stuff like this, so I had part of the problem already solved.   The engine comes mounted on a steel frame that is bolted to a wooden pallet and covered in a wooden crate.  Great Bay has a forklift that they used to load the engine onto my trailer.  Tie-down straps insured that the load wouldn’t slide off the trailer during the trip home.

The engine has a pair of lift-rings on the top, between which I hackled a short section of chain.  I have a strong eye-bolt installed in a support beam in my garage.  Using a cable-winch attached to this ring on one end and to the chain on the other, I lifted the engine from the utility trailer.  I’m not sure a pickup truck would have worked because the bed would have been too high.  To lift the engine, you need about six feet from the top of the trailer to the lifting eye.  I had about seven feet from the floor to the lift ring.  Care must be taken to avoid dropping the load by accident.

I made a wooden dolly with heavy-duty casters.  After lifting the engine, I moved the trailer out of the way and slid the dolly in under the engine pallet.  This made moving the engine around easy once the trailer was unloaded.  There was still much work to be done on the engine, so having the ability to move it out of the way was important.

First impressions

The Yanmar engine is smaller and about 200 pounds lighter than the old W60.  It comes with a single pulley and belt that drives a water pump and an 80A alternator with an internal fixed voltage regulator.  The turbo unit is mounted above the transmission and includes an air cleaner.  This should help reduce engine noise.  The fuel filter includes a manual lift pump.  It is located in an awkward position on the right back corner of the engine.

The engine comes with  a secondary fuel filter and a coolant reservoir tank.  The Racor unit from my old engine is superior and will be used instead.  A plastic pouch with tools for the engine is also provided.  This would have been a nice touch if the tools were usable.  In my opinion, they are junk; a few cheap open-end wrenches.   They would be better off omitting the junk.

A plastic pouch holds the engine paperwork.  This includes a detailed checklist that must be performed before the warranty can be activated.  The instruction manual that comes with the engine is brief.  It has safety and basic operation information, but lacks specifics regarding installation or maintenance.  The troubleshooting guide is fairly useless.  It directs the reader to contact their local distributor for most problems.  One nice thing about the manual is that it is provided in electronic form as a pdf file.  It would have been nice if the file were available as a download before the purchase.  This would have provided some information that I had to dig for when selecting an engine.  I’ve posted it at the following link:

http://www.richardcarter.net/boat/JhTurboSeries/JHT2002EN.pdf
Yanmar has a very nice web site with lots of information that is missing from the owner’s manual.  It would be nice if they had this in a printer friendly version so that you don’t have to play “where’s Waldo” with their web pages. 

http://www.yanmarhelp.com/
There is additional information at the Yanmar web site regarding break in procedure, coolant selection, and some installation information.  I was surprised to see a strong warning about idling the engine during the break-in period.  They indicate that the engine must be run under load or the cylinders will glaze.  They specify that the engine must be run under load between 2000 RPM and 3000 RPM at varying speeds for the first five hours.  For the next 45 hours, they say that you can do what you like as long as you don’t spend a lot of time idling.  My average annual running time is about 100 hrs/yr.  This means that I’ll be unable to sit at anchor and charge my batteries.  I’ll have to take the boat out for short trips each day for the first few weeks.

There is also a user’s forum.

http://www.freeboards.net/index.php?mforum=yanmarhelp&s=b324d2b6895be6840ff1a2408ab54f82&showforum=6
Removing the old engine

Before removing the old engine, I took some measurements and photos that showed the position of the engine brake disk relative to the engine pan.  If I mount the new engine so that the brake is in precisely the same position as before, alignment of the v-drive input shaft would be correct.  Since I was planning to purchase a new drive shaft, I would have the option of moving the engine back a few inches if needed as long as I didn’t obstruct the exhaust system.  

Removing the old engine sounds like a big task, but it really isn’t bad.  Disconnecting everything is pretty straightforward.  It took about three hours.  About 1 hour of that time was spent with a spray can of PB Blaster and a breaker bar with 15/16" socket to disconnect the engine mounts.  Had I planned better, I would have sprayed the nuts the day before and let the oil do its magic.  They didn't look bad, so I just assumed they would come out without a fuss.

I'm lucky enough to have access to a small crane at my yacht club that was used to hoist the engine.  I removed the alternator and two engine mounts from the engine.  I had one other person help jockey the engine through the hatch.  It was a tight fit.  It took an hour to remove the engine.  It took an additional hour to put the tools away and close up the engine box.  

After cleaning up most of the goop accumulated over the past few years, I had a chance to inspect the engine bed.  The first thing I noticed is that there appears to have been a different engine bed that was removed long ago, probably when the boat was built.  The other bed was about a foot forward.  I have hull #47, so I don't know if they changed the engine bed with my hull, or if they changed something during construction; perhaps my hull started life as a 422.

The fasteners for the engine mounts can be accessed from underneath.  A small section of the starboard engine bed had been cut away at some point to allow access with a wrench.  I pulled the engine many years ago.  I didn't replace the mounts at that point in time.

Both sided of the mounting bed show signs of crazing where a bend is made from the inside to the top face.  Each side sags outward about 1/4".  The top of the engine bed looks like it should sit on some fiberglass stringers on each side of the pan.  There was a small space between the pan and the top of the stringers though.  I'm not sure why they sagged.  Perhaps they needed to be shimmed tight to the top of the stringers.  I won't really know what I have until I remove various hoses and cables that obscure the outside of the pan.  As mentioned earlier, I'll probably bolt steel angle iron on top of the old pan, but that is still to be worked out.

Fuel tank

As noted earlier, a leaky fuel tank is what really pushed me into a repower job.  My tank had just started leaking.  The smell of diesel fumes is noxious.  More importantly, having fuel leak into the bilge is a liability.  So far, I was able to keep up with the leak by using fuel absorbing mats.  The tank had to be replaced before the leak got worse.  In order to remove the fuel tank, the engine must first be removed.  Since the engine had to be pulled, now was the time to repower.

This is an interesting article about fuel tank replacement

· http://www.marinesurvey.com/yacht/fueltank.htm
Removing the fuel tank

Pulling the tank took about 5 hours.  I tore the front of the cradle off, then disconnected the hoses and fittings.  I tried to slide the tank forward, but it wouldn't clear the mizzen support beam that runs under the cockpit.  I had to tear the bottom off the cradle to gain enough room to slide the tank off.  The beam was too low by the height of the pipe fittings.  The cradle bottom is a single board about 1 inch thick, 12 inches deep, and the width of the cradle.  The whole thing is held together with bronze slotted screws, none of which came out without a crowbar.  The hatch was just wide enough to get the tank out.

Close inspection revealed a small pinhole in the bottom of the tank; no-doubt where it was in contact with a bronze staple.  The rest of the tank shows aging, but still looks OK.  The inside is covered with what looks like coffee grounds.  This is probably residue left over from algae that at one time contaminated the tank.
Purchasing a new fuel tank

After getting quotes from a couple of local fabricators for a replacement, I ordered a new tank from Florida Marine Tanks (303-620-9030), the original fabricator.  They know exactly what to build and include fittings and a fuel sender as part of the assembly.  I figured that this was a lower risk and it ended up costing a little less.  I ordered the replacement with a slightly smaller 23” height rather than the stock 24” height.  This reduced capacity to 76 gallons, but made replacement much easier.  They now paint their tanks with a primer.  This should extend the life of the tank.

After receiving the tank, I cut and glued strips of plastic to the bottom and sides of the tank.  This keeps the tank out of contact with the wood cradle and insulates it from contact with any protruding fasteners.  The strips were made from giant tie-wraps purchased at Home-Depot.  To glue the strips to the tank, I used one tube of PL-400 Heavy Duty Construction Adhesive purchased at the same store.  Any good quality waterproof adhesive rated for both wood and metal would likely work.

http://www.richardcarter.net/boat/JhTurboSeries/FtankCrate.pdf
http://www.richardcarter.net/boat/JhTurboSeries/Ftank.pdf
http://www.richardcarter.net/boat/JhTurboSeries/FtankRib.pdf
http://www.richardcarter.net/boat/pix/fuelTank.pdf
Installing the fuel tank

Installation was easier than I expected.  The replacement was slightly larger in dimension than the original, but it fit perfectly.  It took about three hours to replace the tank, most of that time was spent repairing damage I did with a crowbar.

Engine Mock-up

Research indicates that one key to a successful repower job is to build a good engine bed that properly aligns the engine to the shaft.  The distributor sells steel mock-ups for this purpose, but they are available only in standard transmission configurations.  I don’t know if you can borrow or rent one, but this would be a sensible way to do business.  In any case, since I was using a non-standard transmission, so I’d have to come up with my own mock-up.  In order to make sure that I got the engine mounted right, I made my own mock-up of the engine.   I reasoned that since the 424 used a V-drive in the drive train, engine alignment isn’t as critical as a straight installation.  Tolerances that I could achieve with a wooden mock-up would be good enough.

There are a number of things to consider when positioning the engine.  There is of course the alignment with the drive shaft.  It is also important to insure that the exhaust system will have sufficient room and the engine room cover must fit back into position without having to cut holes in it for engine parts.

No engineering drawings were available for the engine as configured with the SAE bell housing that I ordered.  I had to take measurements off the engine after I received it.  The engine mounts are all in alignment with the center axis of the drive shaft.  I cut a piece of plywood that was large enough to cover the footprint of the engine.  I drilled four holes in it at the appropriate position for each engine mount.  Above that, I built a wooden box that approximates the size of the engine.  There was some risk that the  exhaust injection elbow would interfere with the engine cover, so I positioned a wooden block where the elbow would be.  I attached a flat wooden plate where the transmission brake would be.  This would be used to help position the engine.  I added a flat plate at the front of the engine to simulate the position of the accessory mounting plate.  This would allow me to verify that there would be sufficient clearance for the exhaust riser behind the engine.

http://www.richardcarter.net/boat/pix/mockUpFront.JPG
I drilled a hole in the center of the simulated brake disk and attached a screw-eye at the opposite end of the engine.  This would allow me to draw a string through the engine mock-up down to the v-drive.  If the mock-up is properly aligned, the string will pass through the center of the hole in the brake and then straight to the screw eye.  The photo below shows the string through a hole in the simulated brake disk.

http://www.richardcarter.net/boat/pix/mockUpRight.JPG
My plan for aligning the engine is to first align the engine mock-up.  Then make fine adjustments as necessary with the engine mount adjustments once the engine is in place.  The engine mounts can be adjusted to the left/right approx ½” using a slotted hole on one end of the base, and can be raised/lowered about the same amount using adjustment screws.  They can’t be moved forward/aft, so it will be important to get the distance between the forward and aft engine mounts correct.  The distance between the engine and the V-drive is not critical, but the splined shaft must be custom fabricated to gain an extra 2” in length.

It took about four hours to fabricate the mock-up.

Transmission

As noted earlier, I purchased the engine with a bell-housing configured for the Velvet Drive.  One would think that since Mac Boring distributes both Yanmar engines and the VD transmission, they would know exactly how to configure the engine.  There is no provision for a transmission cooler.  They suggest adding one to the seawater side of the cooling system.  After I received the engine, I found the spacer missing. They forgot to the item but shipped it at once.  After I received it, I found an error regarding the width of the spacer.  I needed a 1-inch spacer, or more correctly two half-inch spacers.  I ordered yet a second spacer ($120).  Since I ordered the engine “with a VD bell housing” rather than by part number, I expected them to ship the missing part without charge.  After all, this was their error, not mine.  They refused to ship the part without receiving additional payment for the second spacer.  I consider this to be a deceptive practice and will not recommend their services.  I considered taking legal action against Mac Boring, but decided that it was too small an issue to fight over.

Another problem with the bell housing is the lack of fasteners.  They machined the bell housing with metric threads rather than English threads.  This means that I couldn’t reuse fasteners from the old engine.  At first thought, this probably seems like an easy problem solved by a trip to the hardware store, but the lower two fasteners are long studs, not bolts.  Studs must be used because it would be almost impossible to align the six bolt holes if you had to hold the weight of the transmission while trying to align the holes.  Instead, the lower two fasteners are used as guides to align the transmission.  These studs need to be five inches long.  It is difficult enough to find 10MM bolts, let alone studs that long.  You can’t even find metric bolts long enough to cut and thread.  I ended up buying 3/8 inch bolts instead.  I cut off the head and tapped one end with the appropriate metric thread.  I don’t like having studs that are metric on one end and English on the other, but I really had no choice.

The die won’t take a bite unless the stud end gets tapered on a grinder.  Threading the studs was easy once I figured out how to taper the ends using a drill and bench grinder.  

I purchased a heat exchanger from Great Bay with the appropriate sized 1” hose barbs.  I’m not happy with this design.  It is seawater cooled, yet lacks a proper clean-out.  I’ll probably have to back-flush it to clean it.  I’m also concerned about the possibility of getting seawater in the transmission should the heat exchanger fail.  There are no zincs in any of the heat exchangers.  In spite of my concerns, the task of mounting it ended up being easier than I first anticipated.  I reused a heat exchanger mounting bracket from the oil cooler on my W60.  The end was cut off to make it shorter.  I cut and drilled an angle bracket to mount the heat exchanger to the face of the bell housing.  
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Hydraulic hoses for the heat exchanger were reused from the old engine.  These hoses were too short.  It is a simple and inexpensive task to cut off the old rubber hose and replace it with longer hose.  The material is available at most automotive stores for about 20 cents an inch.  I made them 22 inches long each.  The hose is supposed to attach without any clamps.  This didn’t look strong enough to me, so I added hose clamps.  The old hoses attached with 45 degree elbows.  I used 90 degree elbows instead.  

Opening the cooling system required that I drain the coolant first.  In spite of my best efforts, I lost quite a lot on the garage floor.  Yanmar identifies a specific coolant for their turbo engines. Havoline® Extended Life Coolant, DEX-COOL® Code number 7994, colour: ORANGE, available at Walmart.

In all, I spent about 8 hours mounting the transmission.

http://www.richardcarter.net/boat/pix/transLeft.JPG
Control cables

The Yanmar engine accepts the throttle cable from the back of the engine only.  This means that the cable must be routed around the back of the engine and from there to the fuel pump.  Since the old throttle cable was damaged, a replacement was needed regardless of engine choice.  The binnacle on the boat is weathered and was difficult to disassemble.  I removed the compass and the top of the binnacle.  The cables clamp to a sleeve that fits inside the binnacle tube beneath the wheel.  Here’s a link to the Edson service bulletin that describes the process.

http://edsonmarine.com/faq/eb92316.html
The most difficult part of the job was removing the corroded screws. Soaking the threads in PB-Blaster helped, but I had one that refused to budge and had to be cut.  I used a cutting disk on an electric drill to cut the stubborn screw.  The action of cutting heated the screw enough so that it could actually be removed before the cut was complete.

Since I had the pedestal opened up, I took the opportunity to replace the brake pads and handles.  The brake pads look easy to replace, but they are difficult to hold.  I dropped one of the old pads down the base when removing them.  I had replacement pads, so this wasn’t a problem.  I figured that the chance of dropping one of the new pads while replacing it was about 100%.  To avoid this, I drilled a hole in the top of each pad and tied them loosely together with a piece of string.  That way, if I dropped a pad, it could be retrieved.  I also dropped a washer that is on the brake screw.  I didn’t see it when I removed the shaft.  This is an odd size.  I had to fabricate a replacement by drilling out a brass washer.  What a pain!  Beware that you don’t drop the washer when removing the screw handle.

I also decided to replace the control handles.  Edson makes nice replacements that are engraved with FWD-REV and FAST-SLOW.  This makes it easier for an inexperienced crewmember to drive the boat.  The old handles were frozen in place of course.  I had to cut them off by slicing the sides with a cutting disk.  The replacements have larger screws than the old handles.  I had to drill out and retap the shaft holes.

It took about 8 hours to replace the throttle cable and service the pedestal.

Engine instruments

Like most production engines, the Yanmar was offered with instrument panel options, either a bare-bones tach and idiot-light ‘B’ panel or a larger panel that adds an oil-pressure and coolant temperature gauge.  None of the engine manufacturers including Yanmar include a fuel gauge on their panel.  I find it odd that the manufacturers overlook this obvious feature.  I can’t imagine why someone would be happy without a fuel gauge.  My yacht club just purchased two very expensive launches with the same Yanmar engine the I’ve purchased.  Neither launch has a fuel gauge.  This is a constant source of annoyance to the launch drivers who have no way to verify that there is sufficient fuel for the day.

The Yanmar panels are made with subpanels that screw into the main panel. The whole thing is plastic. This allows some limited tailoring of the instrument panels.  The subpanels are not all the same size, so this tailoring is limited.  Yanmar also doesn’t sell blank panels, so you can’t easily make your own subpanels.  In my opinion, Yanmar missed the mark with these panels.  They are too restrictive, too large, and too difficult to modify.  The instruments don’t come with standard mounting brackets either, so you can’t relocate them to a custom panel.  The ignition key is a piece of junk.  It isn’t really a key switch at all, just a hole into which you insert the switch handle.  A pair of needle-nose pliers would work as well. There is no retainer, so the switch handle is bound to fall out and plunk down a drain.  There is a shut-off solenoid that is activated using a separate button.  Having a solenoid shut-off is a nice feature, but it should be integrated into the ignition switch.  There is no reason that the shut-off solenoid couldn’t disengage automatically when the ignition key is turned-off.  This is how I hooked up the shutoff solenoid in my old engine.

Neither Yanmar gauge set would fit in the instrument-box under the 424 bridge-deck.  The ‘B’ panel was the right length, but it was a little too tall.  The ‘C’ panel was much too long.  I chose the smaller ‘B’ panel option.  I did a search for instruments and found that the Faria Euro Black instrument set was a close match for the Yanmar tachometer.  They offer a single four-inch combination instrument that has pressure, temperature, voltage, and fuel level.  This is a very close match to the four-inch tachometer included in the Yanmar panel.  I had planned on cutting my own panel.  Since the tachometer lacked mounting brackets, I decided to modify the Yanmar panel instead.  I cut down the height of the Yanmar panel.  This was done by filling the hollow back of the panel with epoxy, then running it through a band-saw.  
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I removed the key/buzzer subpanel and fabricated a blank panel.  The new blank-panel was made from two pieces of Polycarbonate (Lexan).  I cut the bottom panel with the appropriate 3 3/8” hole for the new gauge.  I cut the top panel just large enough so that the gauge bezel would recess.  After finishing the new panel, I repainted the entire panel assembly with a similar gray finish.

I split open the panel harness and removed the unused portion.  I also cut it to length.  I removed the ignition key subpanel and mounted it on the backside of the instrument cluster within reach behind the companionway ladder. This allows access to an ignition and shutoff switch during engine maintenance.  I purchased a new pull switch switch for the ignition and toggle switches for start and shutoff.  I mounted them on a new panel in the appropriate position next the right ankle of the helmsman.  

http://www.richardcarter.net/boat/pix/instruments.JPG
The instrument harness is another unimpressive Yanmar feature.  To be fair, other than being wound up with a full roll of electrical tape, there is nothing really wrong with the harness.  Their wiring diagram is another matter.  The font is tiny.  Even under a magnifier, it is difficult to read.  They’ve used some kind of cryptic nomenclature consisting of a combination of letters and numbers on the diagram that is hard to decipher.  Some signals change color codes as they run from panel-to-harness.  They painted the engine after they wired it up; painting over the harness.  It is almost impossible to trace the wires on the engine.  
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The cable from the alternator to the starter appears to be too small.  This shouldn’t be a problem for me since I don’t plan on using much power from the stock alternator.  I’m not sure that the stock alternator is robust enough to stand up to use with a smart regulator.  I would think that a Balmar unit of up to 80A could replace the stock alternator if someone else wanted to avoid the complexity of mounting a second alternator.  I don’t believe that a larger alternator could be installed in the stock position, though Balmar suggests that a single belt could drive up to a 110A unit.  I think this is optimistic.

Engine instrument senders and harness modifications

As noted earlier, tracing the harness wires was difficult because they were painted over.  A couple of hours with a continuity tester and a wiring diagram revealed the position of the senders, two of which were missing.   The temperature and oil pressure senders turned out to be a problem.  I made every effort to insure that the engine would be delivered with appropriate senders.  When I received the engine, it was apparent that the original senders had been removed by Mac Boring and replaced with plugs.  Since I had ordered the panel without full gauges, they took the time to remove the supporting senders and replace them with plugs.  The plugs had metric Allen-head sockets on them.  I assumed that the pipe threads would be an odd metric size.  I attempted to find out exactly what I needed for senders.  I must have made at least a dozen calls to the retailer and the distributor with no success.  I finally decided to just order the missing senders from the distributor.  When they came in, I received generic Faria senders with no adapters.  Neither would fit and the oil pressure sender was the wrong resistance.  I have no objection to Faria senders.  The issue was finding senders with the correct threads.  I called the distributor again and reordered the senders.  This time the temperature sender had the right adapter, but the oil pressure sender wouldn’t fit. 

I removed the plugs from the engine and went down to Home Depot to see if I could find pipe fittings that would adapt the pressure sender to my engine.  It appears that the plugs are a standard US pipe thread, or at least the threads are close enough.  Since the brass pipe fittings are softer than the steel engine block, a slight difference in thread pitch won’t cause a problem.  I seated the pipe fittings with a common pipe thread compound rated for gas and fuel lines.  This will insure a tight seal.  I could have ordered the senders when I ordered the instrument and adapted them myself if I had known what to order.  The oil pressure sender hole is a standard 1/2inch pipe thread.  The coolant temperature sender hole is a standard 3/8inch pipe thread.

The oil pressure sender is located on the side of the oil filter.  There is insufficient clearance to directly fit the sender in the space available between the oil filter and the fuel pump.  I bought an elbow and nipple to allow the sender to be mounted at a 90 degree angle.

The fuel tank I ordered comes with a fuel sender installed and adjusted by the fabricator.  This sender is a standard American type that is of the appropriate resistance to work with the Faria gauges I ordered.

Harness modifications were fairly straightforward once I traced out the harness.  I removed the red ignition key wire from the back of the starter and connected it the second alternator output.  This will power the instrument panel from the house batteries.  I cut the white ignition wire and hooked it through the transmission neutral switch back to the starter solenoid.  I cut off the connector used by the oil pressure and temperature senders since my panel harness lacked the matching connector.  I spliced in a four-wire trailer light connector.  Since I had two spare pins in this connector, I rewired the stop button wire (white/brown) to one unused pin and used the remaining spare to power the smart regulator from the ignition key.  I measured and cut the harness to the correct length for my installation.  All splices were done with a soldering iron and covered with heat-shrink insulation.

After completing the engine instruments and harness, I connected them to the engine along with a battery.  I figured that it would be a lot easier to fix harness problems in my garage rather than after engine installation.  I was pleased that the panel light up and displayed low oil and charge warning when the key was turned to the “on” position.  I very briefly tuned the key to crank to see if the solenoid would actuate.  To my surprise, the engine started at once!  Being accustomed to the unwilling behavior of my old W-60 to respond to a start key, I had never expected the Yanmar to come to life.  I had neither fuel supply nor cooling water connection.  A quick press on the stop button silenced the engine.  After connecting fuel lines and a suitable cooling water supply, I ran the engine again and verified that the tachometer and oil gauge worked.  I didn’t run it long enough to verify operation of the temperature gauge, nor did I check the auxiliary alternator.

Engine mounts and bed

When crated, the engine sits on its engine mounts.  It is necessary to replace the mounts with blocks in order to remove the mounts.  This was done by lifting the engine off the pallet with a cable winch.  The mounts were then removed and 4x4 wood blocks were slid in place and secured with lag bolts.

The engine mounts on the Yanmar are 19 inches wide whereas the W60 mounts were 20.5 inches.  This means that the engine bed must be made narrower.  The engine brackets are mounted at the crankshaft centerline whereas the W60 brackets were higher.  The Yanmar engine mounts are also much taller than the W60 mounts.  In all, the engine bed is about 3 ½ inch too high at the forward end and 2 inches too high at the aft end.  The universal joint on the drive shaft allows a little slop in the engine position.  If I were attaching directly to the propeller shaft, close tolerances would be needed.  In this case, I’d have to use a precision mock-up made from something more robust than the wooden one I made.  

I should mention that the engine, V-drive, and shaft are not positioned on the centerline of the boat.  The entire arrangement is angled slightly to starboard to counter the tendency of the boat to turn to port under power.  I attached the four engine mounts to the mock-up and put it into position on the old engine bed.  I measured the distance from the bottom of the disk brake to the engine bed and found that it was about four inches too high.  This was an inch more than I expected.  I later found that the engine mounts compress somewhat under the weight of the engine.  It is easier to shim the mounts up slightly after the engine is in position as compared with the prospect of lowering the pan after the fact.  If you must err, mount the engine too low.

The new engine is lower and shorter than the W60.  To insure that water doesn’t back into the exhaust manifold, I ordered the optional high-rise exhaust elbow.  This protrudes from the side of the engine above the bell housing.  I found that the injection elbow would hit the engine cover unless the engine is mounted aft about two additional inches on the engine bed.  The engine accessory mount extends the length of the engine by about a foot (see below).  Because the exhaust riser is behind the engine, there is not much room to reposition the engine.  I found that I had just enough room to accommodate the riser.

So how do you know if the engine is in straight?  The photo below shows the mock-up in position on top of the old pan.  Engine mounts are not installed.  Wooden shims were positioned under the mock-up to get it aligned with the v-drive shaft.  The wood plate in the front of the engine simulates the shaft brake.  The piece of string is shown running from the V-drive shaft hole through the mock-up and passes through a hole in the center of the simulated engine brake disk.  If it passes through the disk hole cleanly, the mock-up is aligned.  Once the mock-up was positioned correctly, I marked the engine pan at the appropriate height for the engine mounts and cut the pan out.

http://www.richardcarter.net/pictures/mockInPlance.JPG
The photo below shows the engine mock-up in place sitting on the new bed and mounts.  The top of the old bed was cut off and lowered about 3".  A piece of pressure treated wood was glued inside the old pan to make it narrower.  The shim is about 1.5” wide and 3” high, conveniently small enough to be cut from a PT 2x4.  The shim is not square though.  It had to be run through a table-saw to cut two sides to match the pitch of the pan.  The steel bed is shown below the engine mounts.  They were marked at the appropriate spots where the mounts will bolt to the pan.  The block of wood on the left shows the position of the exhaust injection elbow.  As shown, it just clears the inside of the engine cover after repositioning the engine back about 2 inches.  I may have to cut out a small piece of the engine soundproofing on the inside of the cover.
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The photo below shows the new bed and the new muffler platform.  The bed is made from 3" steel 'L' angle-iron bolted in place.  It is pre-drilled for the engine mounts.  Steel nuts are welded to the bottom of the bed to accept fasteners (7/16x20).  The steel bed was painted with several coats of paint.  The muffler shown on the left must mount on the opposite side of the old muffler, so I glassed in a new platform for it.  The old muffler platform might be used for a starter battery box if there is sufficient room.

The area still needs to be cleaned up and painted.
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The photo below shows the completed engine room ready to accept the new engine. I had to cut the back of the old engine pan off because the PTO wouldn't clear it. This would have been a disaster if I hadn't caught it before the crane came to lift the engine in place.
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Accessory mount and belts

As mentioned earlier, custom mounts were needed to accommodate a decent sized alternator.  I removed the refrigeration compressor and alternator from my old engine and reused them on the new engine.  My original plans were to replace both with new, but my budget was stretched.  There is really nothing wrong with either accessory.   The alternator is an industrial unit that is used on some trucks and at least one locomotive engine.  It puts out more than 160A at rated engine speed.  It is designed to put out full rated power indefinitely.  When coupled with the Aqualine regulator, it keeps up with our power demands by running about an hour each day.  Similar alternators can be purchased for around $250.  The regulator costs about the same.   Aqualine lists a regulator/alternator package for this engine for about $500. It is smaller than the industrial unit I installed and replaces the stock alternator. If someone wanted a good charging system but wanted to avoid the complexity and cost of a common bed, this might be a cost effective alternative (link below).

http://www.e-marine-inc.com/products/alternators/aqualine.html
Balmar makes alternators with capacities similar to this alternator.  These units with a smart regulator run close to two grand.  I’m not sure what you get for the extra $1500.  I think the Balmar units are brushless sealed units, whereas my unit is not.  To my knowledge, there is no requirement for a sealed alternator on a diesel engine. 

The refrigeration compressor is a York type piston pump unit that is relatively new.  A newer rotary compressor would run smoother than the old piston design.  This has served well to date.  

An aftermarket two-grove pulley was purchased from Sea-Frost.  This bolts to the front of the engine PTO.  Sea Frost was very helpful and patient with my questions.  I recommend them highly.

http://www.seafrost.com/menu.htm
Yanmar provides specifications for side loads that may be applied to the PTO at the following link.  Their specs indicate that the 4JH3-TE should not be used with more than one belt, but my local distributor indicated that it is safe to use twin belts in this installation. Be sure that you have agreement from your distributor regarding belt loading on your installation before you void your warranty.

http://www.yanmarhelp.com/i_pto.htm
A second alternator in combination with a refrigeration compressor can’t be mounted to the side of the engine where one would expect.  There isn’t enough room.  Instead, a mounting platform must be fabricated for the front of the engine, in front of the PTO.  The accessories are mounted backwards onto this platform.  This is apparently the case regardless of engine selection.  The typical method used to attach the platform to the engine is to bolt steel plates to the inside of the front engine mounts.  These plates extend forward on each side of the balancer plate.  This is the design I used for attaching the accessory mounting platform.

My research indicated that a common problem with custom mounts such as this is a failure to make them strong enough.  I used ¼” thick steel ‘L’ shaped angle iron.  I conveniently had two eight foot long pieces left over from another project. This proved to be more than up to the task.  I purchased a 14” metal chop-saw.  This looks similar to a miter-saw, but takes a large cutoff wheel instead of a circular blade.  It makes clean cuts through steel plate like a hot knife through butter.  It has some limitations regarding the type of cuts it can make.  I had to get creative to make cuts longer than about six inches.  The plates are notched-out to allow sufficient room to insert a replacement belt for the water-pump and alternator.  They extend upward a few inches above the accessory pulleys and flare out to provide a mounting surface.  In cross-section, each sidepiece is ‘C’ shaped.  Since they bolt inside the forward engine mounts, this increases the distance between the mounts by ½ inch.  It also moves the bracket under the fuel pump outboard by ¼ inch.  I dragged the mounting hole to the fuel pump using a saw drill bit.  A flat horizontal steel plate is bolted to the top of these side plates to which the accessories are bolted.  Attachment points were welded to the top of this plate for the alternator.  The refrigeration compressor attaches with angle brackets that are bolted into position.  The brackets are threaded where bolts attach to make assembly easier.  Otherwise, I’d have to hold a nut under the bracket assembly when attaching the plate; not something that I would look forward to doing.  A single pair of ½” belts will drive both the alternator and compressor.    Accessories were positioned so that the accessory belt length is the same as the main engine belt.  This means that I don’t have to carry two different types of spares.

After cutting all the pieces, I positioned and clamped them to be sure about alignment and clearances before fastening the pieces together.  I had to cut a small aluminum stud off the left side of engine beneath the fuel pump.  This stud was unused and won’t be missed.  If the accessory pulley that I ordered had the pulley built with the sheaves a little farther from the engine, it would have been easier to position the refrigeration compressor.  As it turned out, I had very little clearance below the water pump pulley.  This would not have been an issue if the compressor could have been mounted about ¼ inch farther from the engine block.  

I arranged the accessories so that the same belt length used for the primary alternator and water pump will work on the accessories.  It is important to consider clearances around the brackets and engine parts to allow replacement belts to be slipped into position.  I planned on mounting the exhaust water-lift to the left side of the engine compartment, so I had position the accessory mounting platform to the right to insure room for the exhaust system.

I used a mig-welder to attach the top mounting flare piece to the side brackets.  I suppose it might be possible to drill and bolt the plate into position and avoid the weld.  I first tried this approach, but found it difficult to keep the plates aligned while drilling.  It may have worked if I removed them and used a drill-press to drill the holes.  Instead, I ended up welding them in place.  My welding skills aren’t very good.  Persistence compensated for my lack of skills.  In addition to welding the top flange plates, I also welded the back mount for the alternator to the mounting plate.  This could also have been done by bolting a plate into position, but a weld was easier.

I bolted the top plate into position rather than welding it.  I expect to remove the top plate to make the engine narrower while passing the engine through the companionway hatch.  I also figured that a drilled plate would allow some minor repositioning.  

After finishing fabrication, I removed the whole assembly and painted it with a primer and close matching medium metallic gray color.  In total, I spent about 32 hours making the mounting platform.   An experienced metal fabricator with proper tools could probably do it in half this time.  I would expect a shop to charge at least $500 to fabricate something like this and there is no guarantee that it will fit as well as what I made.
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After much research, I found that belts come in two basic designs, one is designed to take a shock load and the other is designed to wear well.  The first type is thinner.  It avoids damage when subjected to a shock load by slipping slightly.  They usually come with ribs on the outside to provide better cooling.  They tend to wear out quicker, but rarely snap.  The other flavor has a thicker construction and slips less.  These belts frequently have ribs on the inside.  Since they have more surface area in contact with the sheave, they don’t slip as easily.  When subjected to a shock load, they may snap. 

My multi-stage regulator puts quite a load on the alternator when it switches to the fast charge setting.  One of my battery banks has a pair of large AGM batteries.  This type of battery accepts a recharge rate much faster than conventional wet-cell batteries.  When the alternator kicks into high gear, it puts a chock load on the belts.  I’ve had belts snap on me.  When they break, they can be thrown off the pulley with considerable force.  As mentioned earlier, I broke my throttle cable that way.

Balmar recommends the Green Stripe belt by Gates.  This is a low-slip belt that, in my opinion, is not suited to shock loads.  They also recommend the Dayco Top-Cog V-belt.  In my opinion, this will last longer and be more reliable.  Since the same belt will work in for the primary alternator or the auxiliary alternator, I ordered two spares instead of three.
Exhaust system

As noted earlier, the exhaust system for the Yanmar engine is 3 inches in diameter and the exhaust comes off the back of the engine.  This means that the entire exhaust system must be replaced.  The engine has the exhaust manifold on the starboard side of the engine.  Pearson put the water-lift muffler on the port side of the engine compartment.  It is unwise to put the water-lift off axis with respect to the manifold because when the boat heals, the manifold may be below the water-lift, allowing water to drain from the water-lift into the valve train.  In order to avoid this problem, I glassed in a new platform just behind the manifold for the new water-lift.  

The accessory platform adds a considerable length to the engine.  In order to allow sufficient space for the water-lift, I had to mount the accessories to the port side of the platform.  This allowed just enough room to fit the water lift in the starboard corner of the engine compartment.  

The exhaust hose must make a sharp bend under the injection elbow where it is redirected aft.  Normal hose would be very difficult to bend, so I ordered the more flexible series 252 hose.  This hose is a slightly more expensive than the stiff hose that is normally used, but will make installation much easier. 

Items purchased for the exhaust system

1. 3" Series 252 hose - $12.39/ft (15 ft) = $185.

2. Muffler # 1500034 - $170.40

3. 3" White Exh. Fitting # 1200298 - $52.40

The engine comes standard with a typical water injection elbow. I ordered my engine with an optional high-rise injection elbow. This will provide a little better protection for the exhaust manifold from water intrusion. It has a sharper bend than the stock elbow, reducing the turn that the hose must make. It is made from a non-magnetic material, probably bronze. This should last much longer than the typical cast-iron elbow supplied by most manufacturers. The list price for this part is about $900. I'm not sure how much this increased the price of my engine. It is undoubtedly one reason the Yanmar engine is so much more expensive than the competition.

Ventilation

Good ventilation is necessary if the engine is to run well.  Turbo engines in particular require air-flow to work well.  This is often overlooked requirement.  I was never happy with the vents installed by Pearson just behind the cockpit.  I always had a problem with water intrusion and the hoses were just screwed into the sides of a rough hole cut in the combing.  I replaced the deck plates and added optional hose adapter rings to the new plates.  The hose adapters require a larger hole.  I re-cut the holes using a 4 ¾” hole saw and ran new hoses into the engine room.  I have yet to find dorades with built-in water traps that are small enough for this installation, so water intrusion is still a problem.

Engine installation

I hired a sign company to bring their crane to my home and lift the engine into the boat.  At $125/hr, I didn’t want any surprises when they showed up.  I rigged the engine mock-up with a sling similar to the chain on the top of the engine and did a dry-run with the mock-up.  We made sure that the engine with the accessory bracket wasn’t too long to pass through the hatch.  

The balance point for the engine is just aft of the companionway opening, so the sling cable was bound to rub against the woodwork.  I used a piece of old carpet to pad the bulkhead just below the companionway.  In spite of the care we took with the installation, we still scratched the woodwork.  Some minor refinishing is needed.
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V-drive

The Walter V-drive is seawater cooled.  The cast iron cooling jacket lasts about 30 years before rust destroys it from the inside.  My boat is 26 years old, so there isn’t much life left in the old unit.  I rebuilt it a few years ago, at which time I coated the inside of the cooling jacket with Marine-Tex in an attempt to slow down corrosion.   This appears to have worked so far, but rust had already caused problems in the case.  I also had a persistent vibration problem that I’ve never been able to fix.  I measured run-out in the output and shaft coupler flanges with a set of feeler gauges with the V-drive in place.  This measurement is very difficult to make this way, but it appears the output shaft on the V-drive is slightly warped.  Another possible cause for vibration is flex in the engine bed or bad engine mounts.  I had the propeller sent out for service and replaced the propeller shaft, cutless bearing, and coupler, so they are unlikely to contribute to the problem.

V-drive removal

I don’t know exactly what Pearson was thinking of when the installed the V-drive, but they definitely weren’t thinking about removing it one day.  The pan is glassed to the side of the hull with some extra bracing.  This makes it very difficult to access the nuts under the v-drive pan.  I can just reach the starboard side nuts, but the port side nuts are not accessible.  In fact, the builder had cut one of the mounting nuts so that it could be positioned under the pan.

In my opinion, the pan is not stiff enough.  I glassed in some extra support to reduce vibration.  If you’ve had your V-drive out in the past for service, removal is a pretty straightforward job, but if you’ve never had yours out, removal can be very difficult.  I suggest soaking the mounting fasteners in penetrating oil such as PB-Blaster.

The RV-20 was heavy, but the RV-26 is even worse.  Care must be taken to avoid back injury when lifting it from the pan.  I used a sling attached to the top of the case cooling barbs to make a handle.  I suggest draining the oil in the V-drive before removing it unless you enjoy wiping oil up off the garage floor.  

V-drive shaft

The RV-26 uses a different splined shaft than the old RV-20.  Since I had to order a new input shaft anyway, ordering it slightly longer allowed me to move the Yanmar further back in the engine pan.  Only the splined shaft had to be replaced.  The remaining part of the input shaft with universal joint was reused.  A full replacement runs almost $1000, whereas just replacing the splined shaft runs $150 for a stock 12” shaft and an extra $45 for a custom length.  Removing the old spined shaft proved to be very difficult.  I inserted wedges in the jaw to free up the shaft, but no matter how I tugged on the shaft, I couldn’t get it to budge.  I soaked the thing in penetrating oil.  Then, I clamped the splined shaft in a vice and pounded on the jaws with a five-pound sledge.  I was careful to avoid damaging the jaws.  Nothing worked.   I welded a threaded rod onto the end of the shaft.  Then I slid a pipe over the shaft followed by a large washer and nut.  When I tightened the nut, the shaft pulled out with no problem.  This damaged the old splined shaft beyond repair, but I have no plans to reuse it anyway.

My work with wedges on the drive shaft jaws permanently opened the jaws, making it impossible to clamp them down sufficiently to keep the new splined shaft from sliding in position.  I ended up drilling an tapping a hole for a set-screw to hold the shaft in place.

I suggest ordering that new splined shaft after the V-drive has been mounted in position.  This will allow an accurate measurement to be taken from the engine to the V-drive neck.  If you order the wrong length, you may be forced to order a second shaft.  Walter will not restock the shaft after it has been machined.

V-drive mounts

The new V-Drive is larger than the old RV-20.  The mounts are much wider.  Walter provides instructions for adapting the mounts to fit an RV-20 installation, but there is insufficient clearance in the bilge of the 424 for wider mounts.  The new mounts come in three pieces, an angle bracket, a flat mounting base, and a bridge plate.  I discarded the bridge plates and drilled out the stud mounting holes on the angle brackets.  I oversized these holes so that I could make adjustments for alignment and I relocated the set-screw from the bridge plate to the angle bracket.  My plan was to use the bases without the bridge plates.  The base plates were too large however to be reused.  There would be no way to get nuts on the bottom of the mounting bed.  I ended up fabricating new base plates from L shaped angle iron.  I made a cutout on the outside edges of the mounting bed so that I had room to insert a bolt from under the base into the side of the pan.  I welded steel nuts to the bottom of the new plates so that it would not be necessary to hold them in place.  I made cutouts in the mounting bed so that the nuts would recess into the pan.  The new mounting bases are bolted in from the sides of the pan.

Attachment to the propeller shaft coupler is a little different than with the RV-20.  The RV-26 uses eight fasteners rather than six, and they are in a different position.  This means that you can’t reuse the old coupler.  The good news is that the eight bolts are easier to assemble because you can get a wrench on the nuts.

V-drive alignment

The V-drive must be aligned with both the propeller shaft and the engine shaft.  Alignment of the propeller shaft is done by adjusting the position of the V-drive in its pan.  Alignment of the engine shaft is done by adjusting the position of the engine.  Alignment with respect to the propeller shaft is critical.  Walter specifies a tolerance of .003 inches.  This must be done with feeler gauges.  It is almost impossible to measure this kind of precision with feeler gauges.  The output shaft is free to move while you attempt to measure coupling clearance at four points.  I found it easier to manage if a couple of flange mounting bolts were left in place.  They can be tightened until the flange is almost touching at one point, then the clearance can be measured at the other three points.  I’m not sure that it is worth the effort to make a careful alignment when the boat is on-the-hard.  The hull will flex when the boat is launched, likely changing shaft alignment.  In fact, I had to fine-tune the alignment a few times after the boat was launched.

Alignment of the V-drive to the engine is not as critical as it is with a standard installation.  Walter provides an alignment tool that can be used to verify that the engine is mounted at the correct height.  They do not specify a tolerance for this alignment, but they provide an alignment tool and directions. They specify that the engine should be aligned with the flexible drive shaft within 3 degrees as measured with a straightedge (1/8”).  

http://www.richardcarter.net/boat/pix/vdrivePan.JPG
Engine Strainer

Replacing the raw-water strainer wasn’t on my repower list.  While jockeying the V-drive into position, I must have hit the strainer.  It broke-off where a brass pipe nipple attached the strainer to the seacock.  In retrospect, this was a blessing.  If this had failed while underway, the consequences could have been severe.  I replace the old strainer with a new Groco raw-water strainer and replaced the remaining hoses.  Finding bronze nipples or tail-pieces on short notice proved difficult.  I ended up using nylon tail-pieces as temporary substitutes until I could get proper fittings.   

Propeller

A standard 3-blade fixed propeller such as supplied by Pearson with a stock 424 is not an expensive piece of equipment, but a folding or feathering propeller is dear.  I had already replaced my stock propeller with a 2-blade folding prop several years ago.  This made a tremendous improvement in the boat’s sailing performance.  I’d be reluctant to regress to a fixed propeller again.  Unfortunately, my budget was limited, so replacing the propeller yet again was not in my re-power budget.  I expected to reuse the propeller, but I found that I really didn’t understand the relationship between propeller size, gear reduction, and engine power.  Since I chose a larger engine, the old propeller just wasn’t large enough to properly load the engine.  The propeller just couldn’t transfer the engine power to the water because the blades were too small.  I changed the V-drive gear ration to adjust for much of the difference in engine speeds (2400 vs 3800), but there wasn’t enough bite in the old propeller to transfer that power to the water.

There are a number of new folding propellers on the market in the past few years that offer significant performance improvements over older folding propellers such as my old 2-blade Martec.  These include both 3-blade and 4-blade propellers.  I checked with a couple of manufacturers and found that I could purchase a new 3-blade propeller for about the same price I paid for my old 2-blade unit 10 years ago.  The new unit not only offers the smooth performance of a 3-blade propeller, but also has the blades geared together.  This eliminates the need to rotate the propeller into a specific position to fold efficiently.   While it can be argued that folding propellers suffer in reverse, I’ve never had difficult stopping or backing.  It has been many years since I used my stock fixed blade propeller so I can’t offer a direct comparison.  My research indicates that performance of a new 3-blade folding propeller is as good or better than a fixed propeller.  Performance in reverse is close to a fixed propeller, bearing in mind that you must apply some shaft speed to open the blades.

There are many trade-offs when selecting a propeller.  The link below will provide a propeller size estimate based on boat size, displacement, engine power and RPM.  I eventually selected a Slipstream 3-blade folding propeller.  I liked the stainless steel construction and they had a very competitive price.  The factory calculated 18.5x12 as the correct size.  This computation proved correct, but slightly small.  If I had it to do again, I’d probably select a slightly higher pitch, probably 13 since the full throttle propeller speed is at the high end of the recommended engine spec.

www.alberg30.org/maintenance/MechanicalPropulsion/Propeller/propcalc.xls
http://www.martec-props.com/info_Autostream.htm
Engine Sea Trial

Yanmar requires an inspection of the engine installation by a qualified mechanic prior to activating their warranty.  This inspection involves a physical examination of the engine installation as well as a set of measurements made underway.  The inspection checks the integrity of the engine bed, air-flow, wiring, and similar measurements. The performance measurements check exhaust temperature, boost and back-pressure at various engine speeds.  The inspection process takes about three hours, and is not included in the cost of the engine purchase.

http://www.richardcarter.net/boat/pix/yanmarChecklist.pdf
My inspection was done by a local Yanmar distributor, Winter Island Marine.  The mechanic was very pleasant and seemed knowledgeable.  I recommend their service.  I had some difficulty scheduling an appointment with them because they were busy with already scheduled work during the spring.  By the time I was able to get an appointment, I had about 70 hours on the engine.  The regular maintenance schedule requires a valve adjustment at 50 hours.  Had I thought ahead, I would have had the valves adjusted at the same time.

Backpressure and exhaust temperature were measured by drilling small holes in the exhaust hose and inserting probes.  The holes were later closed by inserting machine screws.  The boat was taken out and run at specific engine speeds as shown by the stock tachometer.  The actual engine speed was recorded by a separate instrument.  Actual boat speed was measured using a GPS.  Two runs were made, one out of the harbor and the other on the return.  There was light wind at the time and the seas were flat.  The boat bottom was clean.  The refrigeration compressor was turned on and the batteries were partially depleted.  

The inspection went well.  The only defect noted by the mechanic was the wire size I used for the starter battery.  I used 4AWG battery cable for a run of about 6 feet.  The mechanic recommended heavier wire.  As noted on the Yanmar help pages, the engine tachometer read a little high at the top end.  The tach showed about 4050 RPM at full throttle whereas the calibrated tach showed 3950 RPM.

Test runs showed that 2500 RPM gave a good cruising speed of about 7 KTS.  The boat would reach 7.4 KT hull speed at about 2800 RPM.  More power could push the boat to 7.7 KTS.  Most of this power went to creating a wake.  Yanmar recommends that this engine cruise at between 2500 RPM and 3200 RPM, so the engine/propeller selection appears correct.   I discussed engine choice with the mechanic.  Specifically, I wanted to know if he thought the smaller 54 HP 4JH3 engine would have been sufficient for this installation.  The mechanic indicated that since I have a large second alternator and refrigeration compressor, the larger engine is probably justified.  In his opinion the smaller engine would probably work fine in similar installations that don’t have these accessories.  I don’t think the accessories take much power.  The compressor takes about ½ HP.  The alternator will take about 5hp during the initial charge cycle, but will taper off to less than 2hp after the first 20 minutes or so.  This means that the accessory load is typically less than 2.5 hp.  In my opinion, the smaller engine would work fine, but you would probably need to run the engine hard to reach hull speed.  With the larger engine, I can run the boat at hull speed while keeping the engine well within recommended cruising speed.  As an example, I recently cruised from Provencetown on Cape Cod to my home port north of Boston.  I hit some rough chop off Race Point, a streach of water off the tip of the cape known for rough seas.  The seas and wind were right on the nose for about three hours.  I had no trouble powering through them at close to hull speed, passing several other boats who having trouble pushing through the waves.

There is a small but annoying vibration at about 2800 RPM.  The boat runs smooth at speeds below 2600 RPM or above 2900 RPM.  The mechanic indicated that this is not of concern.  Many installations have similar behavior, typically caused by a natural resonance in the drive train.  This can sometimes be improved by changing the geometry of the running gear such as moving the zinc.  He suggested avoiding this speed if it bothers me.  This is unfortunate, since this particular engine speed is where the boat reaches hull speed.  If I am in a hurry, I’ll have to run the engine at 3000 RPM, sacrificing some fuel efficiency.  After discussing possible causes of this vibration, I suspect that it may be caused by a shaft that is too long.  There is about 5 inches of shaft between the back of the cutless bearing and the propeller hub.  The mechanic indicated that the maximum length here should be no more than 1.5 times the shaft diameter, or 2.25 inches.  I’ll re-machine the shaft this winter and see if the vibration improves.

Other resources

http://www.practical-sailor.com/newspics/charts/8811propsstrutsshafts.pdf
http://www.mackboring.com/
http://www.pearson424.org/memberarticles/repowerwhoosh.html
