Sizing Batteries and Alternator using the Electrical Loads.

Details and considerations. 

Terms:

SOC State of Charge

PSOC Partial state of Charge

CAR Charge Acceptance Rate

EOL End of Life

Typical Use: 

Mooring: 100%, Daysail, Cruising 30-40 days/summer, Some longer distances. 

Dock Shore Power: Seldom, can arrange at times to SOC 100 (every other week).

From Sizing Loads:

Cruise | anchor= 80 amps/day (Refrig startup 18ah additional)

Sea | 24hr = 130 amps/day   

Added Ozifridge C150/T45-30 (2005) and removed RL-9 Radar (30a) for B&G Chartplotter and 4G Radar (uses 1/2 the amps), Changed to mostly LED, with LED masthead anchor/nav.

Battery Bank Size

Normally the batteries should be sized using the load as worst daily load 50% of the batteries. 

2 x 130 amps = 260 amps

Will try with few amps, 225a and work on good solar power.

Perhaps will change batteries later to Firefly (fast bulk charge and acceptance rate between 20-80 SOC) 
Need to find space and build containers for these too.

Power Storage - Batteries:

Original: (2) Flooded G24 = 140ah 50%-80% SOC = 42ah

Past: (2) AGM G24 = 140ah 50%-80% SOC = 42ah  (until 3 yrs ago)

Now:  (2) Trojan T105 6v in series = 225ah, 50%-80% SOC = 67.5ah

Future: (4) Trojan T105 6v in series/parallel = 450ah, 50%-80% SOC = 135ah?

Future: (2) FireFly AGM 110ah= 220ah = 30%-80% SOC = 110ah ?

Alternator will Bulk charge from 50%-80% generally, with solar to 100 SOC, Shore power when possible & to equalize.

Battery Capacity at end of life will drop 20% and the bulk charge range will also be 20% less on both T105 & Oasis.

Power Sources

at Sea: Charge 2 hr/day bulk mode 50%-80% SOC = 180ah-113ah = 67amps + 67amps = 137 amps     

Solar (now): 5hr/day x 14w x .7 efficency = 49w = 4ah/day  80-100 SOC (67.5ah) takes 16.4 days 

Solar (fut):  5hr/day x 240w x .7 efficiency = 840w = 70ah/day, 80-100 SOC (67.5ah) takes 1 day

Fuel: 15 gallons (56.78 liters), would like to add capacity.


2000 rpm 1.3 ltr/hr = 56.78/1.3 = 43.7 hrs  --> 21 days of charging


2500 rpm 1.7 ltr/hr = 56.78/1.7 = 33.4 hrs  --> 16 days of charging

Yanmar does not like slow operation, glazes cylinders...what to do?
Alternator Sizing:

See http://www.balmar.net/choosing-a-balmar-charging-system/


Maximum Alternator Output Current = (Battery Storage Capacity) x (Battery Charge Acceptance Rate)

· 2 Flooded G24, 70ah = 140ah x 25% = 35a Alternator (earlier existing)

· 2 AGM G24, 2 x 72ah = 144ah x 40% = 57.6a Alternator (since 2005)

· 2 Flooded T105 in series, 225ah = 225ah x 25% = 57.6a Alternator (now)

· 4 Flooded T105 in series/parallel = 450ah x 25%= 112a Alternator (future?)

· 2 Firefly batteries, 110ah x 2 = 220ah x 40% = 88a Alternator (future?)

· 3 Firefly batteries, 110ah x 3 = 330Ah x 40% = 132a Alternator (future?)*

*100a Alternator is undersized, therefore temperature sensors for Alt & Batteries required.

Charging should be temperature compensated, so the sensors are needed anyway.

Check for Alternator HP & prop pitch changes due to increased battery bank and alternator size.

Statement from CF Forum: "If daily usage is 100 amps and Alt will bulk charge each day, the optimal battery capacity for your house battery bank is 200-300 amps."

Goal: Configure the regulator/alternator to store as much charge, in a short time as possible, while avoiding overheating the alternator or the house bank, while remaining within the charging regimen specified by the battery manufacturer, and set in the programmable regulator. 
A larger 100a alternator may stay cooler and will handle the load better, a double v or serpentine not required. An Alternator sized too low will just take longer to charge, and if sized too big (for future battery capacity) will never reach full load. Choose the highest alternator amperage which meets your budget, pulley & space constraints. Indeed Mainesail generally selects one size bigger.
Alternator Operation Details: 

The current output of the alternator is a function of the batteries state of charge, i.e. how much current the battery can "accept", rather than how much current the alternator can "produce". If the acceptance rate of the battery is 57 amps for its given state of charge even if it's a 100 amp alternator, it will only put out 57 amps. A badly discharged battery will accept a greater inrush of current initially but will rapidly decrease as the battery voltage builds back up. Conversely, if a battery is full, then the alternator is producing no current, has no load, and is not loading the engine. Alterators can get very hot when under load, so venting or cool air can help to maintain output. You should use external regulation with temperature sensor wires for the alternator and batteries, with sensors & wires in accord with manuf., Marinesail & CFforum, direct to the house battery bank with appropriate switching and ACR. 

Balmar - Yanmar 3YM30 requires a 48-YSP-3YM-B serpentine kit  

Case pulley=5.24" Alternator pulley=2.4"  5.24/2.4 = 2.18 ratio

Serpentine belt advantages:

1. greater surface contact between the belt and pulley, accommodates larger alternators

2. more efficient power transfer, less energy loss to belt.

3. uses less energy, more efficient, requires less HP

4. less belt tension required, better for bearings on engine and alt

5. belt tension is not as big an issue as V.

6. less slippage, less heat

7. less dust

8. quieter

Serpentine is not necessary for up to 100 amp alternators (but see note below). 

NOTE: Small case alternators (on most sailboats up to 36') don't work for very long at the rated max load. Larger amperage alternators last longer because even at PEAK required output (i.e., 50A) they are running at half their designed COLD rated output. Max Alt Capacity for a 1/2" V belt is 100a, however with higher battery acceptance than 50a the alt V belt will start to squeal within a short time, and the belt can die prematurely.

NOTE: Changing the pulley ratio is likely to change the Tachometer. Most Tachometers have an adjustment for pulley ratio and number of poles on the alternator so it can be dialed in for the the alternator, unless there is a direct flywheel sensor. Yanmar does not have a continuous adjustment on the 3YM30 which makes it difficult to get accurate rpm sometimes. You can purchase a flywheel sensor for rpm from Yanmar or Balmar has a device which will help.  

NOTE: Changing the batteries and alternator may possibly affect motor horsepower and prop pitch.

See the Balmar 6-Series "Power take off" column  here http://www.balmar.net/6-series-alternators/

For example 70a = 2.8 hp,  100a = 4hp,  120a = 4.8hp,  150a=5.2hp,

These reductions in power to the prop may adversely affect the engine and the prop pitch may have to be reduced.

Propeller Pitch:

I don't believe there is more than 1 - 1.5 hp change on our engine and we may not notice it until we get a dirty bottom.

Manufacturer Alternator Output Curves - 

http://www.balmar.net/balmar-technology/alternator-output-curves/

Looked them up to determine output at different Engine RPM

There is no such thing as a "typical" pulley ratio, measure your pulleys!

Our current Case Pulley / Alternator Pulley = 4.75/2.75 = 1.73 Ratio

To have the alternator running 1500 rpm, the engine has to run at 867rpm, not 750rpm.

Alt 1500 rpm / 1.73 = Engine 857 rpm,  with Serpentine Engine 1500/2.18= 688 rpm. 

· 60-70 amp  20 cold / 15 hot

· 60-100 amp  21 cold / 20 hot

· 60-120 amp  21 cold / 20 hot

Alt 2000 rpm / 1.73 = Engine 1156 rpm, with Serpantine Engine 1500/2.18= 688 rpm. 

· 60-70 amp  68 cold / 58 hot

· 60-100 amp  83 cold / 70 hot

· 60-120 amp  80 cold / 60 hot

These are good numbers for all choices, but it looks like the 100amp is actually better than the others at low rpm when hot.

To speed up the alternator, change the alternator pulley. Balmar has pulleys from 2.2" to 3.4" 

http://www.balmar.net/products/alternator-accessories/ 

I could purchase a smaller Alternator pulley, say 2.2" or 2.4" dia. instead of the 2.75" dia. to improve low rpm performance, as it is currently anemic which would be less expensive than purchase of a new Series 6 60-100-SV alternator that can be maintained (no stator or rotor is available for the 90-65 anymore).

Here is a fellow with a valid & different point of view about alternators.  http://c34.org/bbs/index.php/topic,4454.0.html
Firefly Oasis Batteries

http://www.cruisersforum.com/forums/f14/firefly-vs-lithium-177386.html#post2629482

1. Very high charge acceptance rate, fast bulk charge 60% (20-80%).  

2. SOC 100% every 20-30 days, for best life, cycle them from 10% to 90% SOC. No need to charge 100SOC each cycle.

3. 50% DOD (Depth of discharge) 3600 cycles

4. 80% DOD (Depth of discharge) 1000 cycles

5. For full capacity recovery, no “equalization” is required. Do a full recharge as needed to “open up” the full capacity once again, with no permanent damage or capacity loss from extended PSOC operation, or from deep discharging to a low SOC. 

6. Oasis G31 12vdc 110ah 13.4” x 6.7” x 9.4”  75lbs Max Charge I/V 250A@25°/14.4V CCA 625A MCA 800A  $486

7. Firefly charge very fast like Li, still long time charge to 100, just like AGMs.

8. Firefly, estimate last 10 years

9. Mainsail testing, basically magic, abused badly, not charging fully every 30 days and back SOC 100. 

10. Alternator maxed, matched to bank capacity & C rating, serpentine belt kit, external reg, temp sensor. 

11. Solar panels for remaining 20% over time.

12. Solar array 290 watts, only reason to start engine is to move or hot water tank. 

13. Main argument for Li at the present time is space/weight and charging profile. Based on a few calculations, from a lifetime cost perspective they come out roughly even with quality AGMs that are treated well.

14. Lifeline AGMs lasted over 10 years- babied- full charge on a regular basis, such as weekly. AGMs need a long charge time to get to full

Trojan T105 vs Firefly Oasis 

T105  - 10.3" x 7.13" x 11.15"  Bulk charging at 25%, CAR is long & slow from 85-100 SOC and is needed frequently to maintain the batteries. Adequate Daily Solar is the perfect finishing charge source. Shore Equalizing is also needed.  $150/battery. - The alternator works, the battery case works, but needs to be turned 90 degrees because of electrolite spilling, so the next step would be to equalize the batteries to recover capacity and figure out better solar panels to do the final 100% SOC charge.  

Oasis G31 - 13.4” x 6.7” x 9.4” Bulk charging at 40%, CAR is long & slow as with all AGM, but 100% SOC is needed only to open up full capacity. Greater useable capacity. Charging to 100% SOC (CAR) is long and slow as for all AGM, but not needed nearly as frequently as flooded. Solar or shorepower is best. No Equalizing.   $486/battery   (3.2 x's more expensive than Trojan) - If the battery case were changed to fit these, and the better solar was not in place, it would fit our current use pattern better than Trojan. However we would need a bigger Alternator & Serpentine, and later better solar panel for final 100% SOC charge.

Preliminary List
1. Charge & Equallize the batteries - have the Variable DC Power Source

2. Make Existing Wiring Diagram

3. Proposed Wiring Diagram & reviewed.
a. Complete the wiring of the existing Alt & dock charging system.

b. Blue Sea 7610SI Automatic Combining Relay $75.99 

c. Sterling ProCharge Ultra Battery Chargers 10a $170,  20a $272, 30a $320  and Remote is $70
4. Get a small Balmar V pulley for Alternator to improve low rpm charging.
5. Fix the battery case (turn 90 degrees) and perhaps make a larger new one for Firefly.

6. Solar Panels and Controllers - This area needs more work.

7. Batteries when needed - Trojan or Firefly Oasis G31

8. Later when new batteries are needed - Existing alt works.
a. Balmar 48-YSP-3YM-B $464   

b. Balmar 60-100-SV   $670.13    from Whatcom $769+30

-----------

The notes above were taken from various sources, adapted and revised without attribution. There may be direct quotes that are not attributed properly.  I am sorry, that is my method.  Any inaccuracies are mine.

