Alternator Regulator Upgrade


Thursday, August 10, 2006
“Aquavite” (hull #224) is now twenty years old, and so was her alternator.  Not anymore.  We selected and purchased the equipment, designed the system, installed the new alternator, a smart three-stage regulator, and improved the wiring.  There are many different ways to wire a new alternator.  Many others have provided great contributions to the improvement of the electrical systems on our boats.  This report discusses the details of our design and installation.  

Our first electrical system upgrade was the replacement of the original shorepower charging system in 1998.  By now, in 2006, our alternator was reaching the end of its useful life.  It was time for its removal and replacement.  

For our older boats it is no longer an issue of just thinking about electively upgrading the alternator part of the charging system.  There is now a growing need to have to replace an important piece of equipment that is likely to fail due to its age alone.  We had 1,830 engine hours when we replaced the OEM alternator.  The previous owner used the engine 74 hours per year.  Our use is closer to 120 hours per year.  The old automotive style internal regulation should be replaced with modern three stage charging for a new modern alternator.  Replacing an aging alternator with another internally regulated automotive charging system is harmful to your batteries.  Just like a smart shorepower charger, the investment in a new three-stage regulator for a new alternator will be an immediate return on investment by the extended life you will experience with your batteries.

“Aquavite’s” original charging system when we bought the boat in 1998 consisted of the OEM Motorola 55 amp alternator with an aftermarket AutoMac voltage regulator, an isolator, and an old 1986 “dumb” constant 13.8V charger.  We first replaced the OEM Newport shorepower charger with a Freedom 15 combination Inverter-Charger, removed the isolator, and installed a West Marine battery Combiner.  The Freedom 15  has a single output to the batteries consisting of large #2/0 wiring to accommodate the inverter and 75 amp charger functions.  We installed two Blue Seas Power Plus posts as the new PDP and NDP (positive and  distribution posts) for the house bank and grounds.  The positive is fused before the house bank and the negative lands on the NDP with a #2/0 extension to the house bank negative post.  The Combiner was installed in the nook behind the settee just forward of the galley on the starboard side. 

Alternator Output:  The older boats with only one 1-2-B switches are usually factory wired with the alternator output to the “C” post of the switch.  This means that the switch was actually used for two purposes: (1) which battery bank(s) the alternator charge goes to when the engine is running; (2) which bank is chosen for use for DC power.  We changed that.  We moved the original alternator output FROM the “C” TO the “2” post (our house bank) of the switch.  The Combiner charges the start bank without having to use the 1-2-B switch for selecting alternator charging output ONLY because we moved that connection.  The revised alternator charging path was from the alternator through the AutoMac to the “2” switch post to the house bank, using the #4 OEM red wiring.   IMPORTANT NOTE: You cannot simply move the alternator output from the “C” to the “2” post without a Combiner or Echo Charger type relay equipment because the start bank would not get charged.  Another way to put this is: If your alternator output is wired to the C post of the 1-2-B switch, and you do not have a combiner (or equivalent), then you have to start the engine with the switch on B (ALL) because this would be the only way to charge both of your banks from the alternator.

Shorepower Chargers and Relay Devices: Some of you may have Statpower 20 or 40 shorepower chargers by Xantrex or other chargers which have multiple charging output wires to the battery banks.  If so, and you have a Combiner, Echo Charge or other relay charging device, you have two choices:  (1) use only one of the charger outputs connected to the house bank PDP and use the Combiner or Echo Charge to charge the start bank or; (2) wire the multiple shorepower charger outputs to each bank.  Both will work, but using a single point of connection for all charging sources is less wiring and the Combiner or Echo Charge does the job.  There is an advantage in using an Echo Charge over a Combiner because neither the shorepower charger’s second output nor the Combiner are “smart” like the Echo Charge in limiting the amperage into the start bank.   Both will maintain the start battery at too high a voltage if your house bank is depleted and a heavy charge is required from either your shorepower charger or the alternator.

Design Goals: (1) simplicity of operation, (2) maximize the use of existing and available wiring, (3) eliminate use of the 1-2-B switch for charging source selection by going directly to the house bank with all charging, (4) continue the use of the existing 1-2-B switch for battery output selection to avoid adding another switch and the attendant additional wiring.  Please note that this is different than Jim Moe’s electrical system design.  In 1998, our first step of installing the Freedom 15 Inverter/Charger with its smart charger kept our batteries in good condition, but any extended cruises away from shorepower had still depended on the aging alternator, the old AutoMac, with resultant long engine hours to recharge.  This engine charging enhancement will allow us to enjoy more extended cruises away from dependency on shorepower which used to be needed for topping up the batteries on a weekly basis with the lower output OEM alternator.  

Equipment Selection:  Alternator - I evaluated all the different alternator possibilities, including Balmar, Leece Neville, and Battery Shack, which makes both internally and externally regulated alternators.  I selected the externally regulated Blue Circle Delco small case 100 Amp unit Model M-7102-HD, for $140 including S&H, phone 888-932-2423.  This is the alternator described by Jim Moe in his excellent electrical system article in the website Projects section.  It fits perfectly without having to modify the alternator bracket in any way.  We’d upgraded the alternator bracket on our M25 in 1998.  The M-7102-HD is plug-and-play with any of the new smart regulators.  Jim Moe recently reported that Blue Circle also now has a 75 Amp unit, M-7102, for less money (approx. $110) for those who choose to select a less expensive model.  Either choice is significantly superior to the 55 Amp OEM unit with the relatively useless internally regulated automotive regulator.  Regulator - I purchased a Balmar Max Charge MC-612 for $280 at a boat show.  Wiring, heat shrink and lugs, two new belts, a Mega Fuse and holder, the backup ACR, the ground bus, and fasteners cost just under $300.

Wiring:  John Gardner’s well documented electrical system upgrade Mainsheet article (May 2004) gave me ideas about utilizing existing wiring.  His written descriptions and first-rate drawings of the factory installed wiring are also posted in the website Projects section, and our original factory wiring layout was much  the same.  Mark Elkin’s wiring diagram in Projects gave me the idea for a new negative battery bus bar in the engine compartment to consolidate the multiple ground wiring.  This new negative bus is only used to merge the miscellaneous ground wiring within the engine compartment, while the main NDP, near the batteries, can still be used to connect to the negative side of the new shunt for the future Link 2000.  The power to the starter remains wired to the common post of the battery switch to permit use of either or both of the battery banks for starting.  We did this specifically to NOT have to add a second switch as many others have done.  The new alternator is wired to directly to the PDP of the house bank with a fuse.  The single positive output of the Freedom 15’s Inverter/Charger remains connected to the positive post of the house bank with a direct connection to the PDP and fuse.  The Combiner charges both banks when the charger or the alternator is on, regardless of the position of the 1-2-B switch.  A small 11 watt solar panel is also connected to the PDP and NDP.   The “always-on” bilge pump and stereo memory wires are connected to the PDP and NDP.

Installation:  I decided not to pull additional wiring though the conduits as John Gardner and others had described.  It was easier for us to install both a brand new larger #2 (note: this is not a #2/0) red alternator output wire and a new second #4 black ground wire.  These are in a new run underneath the galley sole from under the aft cabin to the battery box.  We have four batteries.  The start and one of three house batteries are in the battery box, and the two other house batteries are below the forward dinette settee on a plywood shelf.  The house batteries are three 130 AH deep cycle wet cells wired in parallel.  I used two metal hangers taped together as a guide for two pull strings, and worked from the aft cabin to push them forward to come out just under the hot water heater.  One string was used for pulling the wires, the other remains for future use.  I pulled the new #2 red alternator output from the alternator to the new fuse and to the PDP in the battery box through a new hole drilled in the battery box wall to the water heater area under the galley sink.  The #2 new alternator output wire is oversized, and thanks to Stan O’Hoppe (hull #242) for his contribution of that wire.  The NDP is located next to the water heater under the galley sink.  The new #4 black wire runs from the NDP to the new engine compartment ground bus bar.  This is a second ground wire that is electrically in parallel to the existing OEM #4 ground, which runs from the battery box underneath the saloon sole, the nav station and shower sole, then under the head sink to a bolt on the port side of the engine.  

The new Blue Seas System 150 amp ground is a four post bus bar which we installed on the starboard side of the wall in the engine compartment.  It handles the new #4 parallel ground from the NDP, the glow plug and cockpit panel grounds that used to be on the starboard engine bolt and the new #4 ground from the new alternator.  The fourth post is for the single new #4 ground from the bus bar to the bolt on the starboard side of the engine block.  The existing OEM #4 ground remains connected to the bolt on the port side of the engine and connects to the NDP.  An alternate method would have been to pull a new black ground from the NDP to the bus bar and abandon the OEM ground, but many thanks to Dave Davis (hull #707) for donating his old #4 ground wiring.  I installed the regulator under the head sink, and snaked the harness wiring aft and under, then forward to the new alternator.  The regulator is just inside the head sink door for good access to check the digital numeric display and to adjust the program settings easily.

AutoMac Implications on Wiring & Installation:  The internal regulation on the old alternator had been modified to accommodate the AutoMac.  An AutoMac is old regulator technology and was installed by some dealers as an aftermarket item.  I’ve seen quite a few of them on Catalinas here in Northern California.  The AutoMac is a regulator that increases the current to the alternator field wiring to control and maximize the OEM alternator output amperage and voltage with a manually adjustable rheostat.  It has it’s own built-in ammeter.  It’s described quite well in Calder’s “Boatowner’s Manual” 2nd edition. We also have a separate analog voltmeter at the nav station connected to the posts on the switch.  The AutoMac was a distinct improvement over the OEM automotive internal regulation.  The new Balmar smart regulator replaces the AutoMac.  Because of the AutoMac, there were four wires coming out of the back of the old alternator: (1) the purple ignition wiring from the cockpit wiring harness; (2) the alternator output; (3) the tachometer; and (4) the field wire to the AutoMac.  Ron Hill had advised me that the AutoMac field wiring ran from the alternator to the ignition switch then back to the navigation station to the AutoMac itself to shut off the AutoMac when the engine key switch was turned off.  Please note that there was no separate ground wire from the old OEM alternator to the engine; the alternator was grounded through the bracket to the engine. Once the new regulator was installed and working, I tested the two other output wires and found the right one for the tachometer.  The old field wire was capped and labeled.  For those without an AutoMac, the externally routed field wire would not be present for the internally regulated OEM alternators.  I abandoned the old #4 OEM red alternator output wire by pulling it back into the space underneath the head sink and removing the other end from the “2” post on the battery switch with proper identification at each end.  This former alternator output red wire could also be used to parallel the power to the starter from the “C” post of the switch, but I have never had trouble starting the engine with the existing #4 OEM.  Some have suggested I reuse this wire for that purpose.   

Regulators and Charging:  An internally regulated OEM alternator will put out a tapering charge of 10 amps or less at 13.8V.  This occurs very quickly after a short time of initial charging and is essentially useless on a sailboat unless there is almost daily or at least weekly availability of shorepower for charging.  The AutoMac’s ammeter and our panel voltmeter allowed me to see this.  Even new boats still come with this antiquated engine charging system!  The AutoMac allowed me to increase the output to a maximum of 25 to 30 amps at 14.2V with a 50% discharged house bank.  The new 100 amp alternator with the new regulator will produce a smart three stage charge with at least 50 amps as reported by others on the C34 Website Message Board who have already installed amperage monitoring devices.  The Balmar Max Charge MC-612 regulator is fully programmable and I have it set for deep cycle batteries.  We bought the larger 130A Combiner model back in 1998 in lieu of the standard 70A model with the very goal of installing this higher output alternator, so the Combiner did not have to be replaced.

Belts:  As noted in Jim Moe’s article, the 7400 belt works.  It’s a bit longer than the old 7390 belt we used on the OEM alternator.  The shorter belt didn’t work with the new alternator because it kept the inboard side of the alternator too close to the fresh water hose which rubbed on the top of the oil filter.  This was also true of the OEM alternator, and the longer belt will provide better clearances.  With the 7400 belt, there is still plenty of room to the door to the head, and the hose and filter are clear.  I carefully reviewed the Message Board posts on belt dimensions and the 3/8” belt is still fine.  The 3/8 inch belt numbers are: Gates or Car Quest 7400 – 11A1015; Goodyear #15406 – 11AV1015.  Jim Moe notes that belt selection is critical for the power being carried when the alternator is producing its maximum output.  It has to be the heaviest duty belt available and should be “toothed” on the inside to enhance cooling.  Don’t choose to be too frugal and get a less expensive FHP 3/8” belt which is much cheaper at Ace Hardware.  We recommend high quality belts.  Always carry a spare belt.
I purchased a new Blue Seas ACR to use as a backup for when the Combiner fails.  We’ve installed (and carefully labeled) a quick disconnect spade connector on the Combiner ground wire to the NDP so that if we are motoring for long periods we can avoid overcharging the start bank.  This idea is included in the Combiner installation instructions.  Some have replaced their Combiners with Echo Chargers, which limit the current to the start bank.  Even our 1-2-B switch could be used as a backup to combine the banks when charging if the Combiner fails.  This is because the switch is connected to the start bank positive post and the house bank PDP.  Placing the switch on “C” (or BOTH) connects the two battery banks without additional switching or wiring.  We normally never use the “BOTH” position.  

Next Steps:  Our next job will be to install the Link 2000 monitor.  The Link will allow us to confirm the energy budgets that we’ve developed for different boat uses, and measure input and output amperages.  The Link monitor will go where the old AutoMac was in the nav station.  Many have suggested that battery monitoring be the first electrical improvement.  We did an energy budget when we first got the boat and based on use we’re always very aware of the amp hours being used.  

For now we have addressed the improvements needed for charging by the alternator for extended cruises.  I recognize that the Link 2000 is probably overkill for our boat.  We  bought it in 1998 when we purchased the Freedom 15 Inverter/Charger, before we  learned so much about electrical systems.   Given the fact that the start bank is almost always completely charged (if you use good charging management and equipment), a simpler Link 10 would really be all that is required to keep track of your house bank.

We’ve easily doubled our charging output from the new alternator over our old OEM twenty year old alternator and the AutoMac, provided smart, efficient and proper battery charging with the new external regulator, and have significantly reduced the engine run time required for recharging the house bank when off the grid.  The Combiner disconnect avoids overcharging the start bank during extended engine running periods.  

The use of the 1-2-B switch is easy and remains the same as our earlier process:  “1” to start, “2” when the engine is off.  That’s all.  Since the alternator output now goes directly to the house bank, and is no longer on the “C” post of the switch, we can move the switch from “1” to “2” when the engine is running without affecting the diodes on the alternator.  I understand that this arrangement is not as “idiot proof” as the simpler two or three switch method described in others’ designs, but it reflected my goal of minimizing wiring changes in this stage of our “ongoing work-in-progress.”

While there many different ways to physically and electrically wire a boat, many of our decisions were guided by the particular layout of our C34 and the existing and “donated” wiring of our boat.  The long runs of new wiring were donated by fellow skippers to us, and so some wiring was oversized.  Many thanks to so many other owners’ discussions and documentation of their electrical projects, which helped make designing and installing our upgrade such a pleasant experience.   In addition to the C34 Website, The West Marine Advisors - Electrical, available in their catalogs and on the web, and the Ample Power Primer (www.amplepower.com) are valuable resources for learning to understand your electrical system and each of the components.  Other electrical system articles in the C34 Projects and the Message Board on the website include many other references of importance.  There are many different ways to accomplish any electrical upgrade.

The attached wiring diagram should help in understanding our wiring and connections and be useful in comparing what has been developed by other skippers.

It’s pretty amazing that we could actually experience 20 years of service from the original alternator.  Since so many of our now older boats are still out there, it is important to begin to consider an alternator/regulator upgrade for those experienced  boats.  Many of those with newer and even brand new boats with OEM alternator regulation may also want to consider any of the variations on electrical system enhancement if any kind of extended cruising away from shorepower is one of your goals.  Others choose to do it with solar and/or generators.  “Your boat, your choice.”
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