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1) BASIC PRINCIPLES OF THE ELECTRIC MOTOR  
 
• Diesel combustion generator 11.5 KVA - 50Hz (220V) or 13.5 KVA - 60Hz (110V) 
 
• Diesel combustion generator 17.5 KVA - 50Hz (220V) or 21.5 KVA - 60Hz (110V)   
     (Optional) 
 
• Charger / Inverter 220 / 72V, (3 x 40)=120A for the 11.5 KVA or (6 x 40)=240A for 
the 17.5 KVA 
 
• Energy stored in 2 separate banks of 6 batteries each, which can be isolated, 
dedicated entirely to driving the electric motors. (Safety measure: in case of battery 
failure, one single bank can supply power to one or both motors) 
 
• Propulsion by two x 10 KW 72V electric motors  
 
 
Schematic diagram 1 
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Schematic diagram 2 : 72V propulsion batteries and 12V battery charger. 
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2) HOW IT WORKS         
    
• Boat at the dock, batteries charging or 100%.fully charged.   
           
•   Power to run the generator is turned on by the genset battery switch (12v) on the 
front of the aft starboard berth, where the house battery switch is also located.  
 
•   Power to the electric motor turned on by two switches (72v) on the front of the aft 
port cabin berth.  
 
•   The ignition key at the propulsion electrical panel (stbd salon) turns on the electric 
motor propulsion system.  The propulsion battery banks supply power to the electric 
motors. The operating mode is selected at the propulsion electrical panel (5 modes 
available) with a selector switch (refer to chapter "The 5 Operating Modes"). Only 
operating modes 4 and 5 are propulsion modes. 
 
 

 
 
 
 
 
 
 
 

Used to choose among the different operating modes of 
the electric motor system 

5 POSITION SELECTOR SWITCH 

Mode 1 : Dockside AC power source. 
- 72v battery charger on 
- 12v battery charger on 
- 110V or 220V plugs functional 
- AC power supplied to onboard    
appliances 
- Electric motors inoperable  

Mode 3 : Generator AC (220V or 110V) 
power source. 
- Start generator. 
- Generator supplies 220V (or 110V) AC 
power for onboard appliances. 
- 12V et 72V battery chargers on 
- Electric motors inoperable. 

Mode 2 : System completely off. 
 12V power available. 

Mode 4 : Generator AC (220V or 
110V) power source + propulsion. 
 - Automatic generator operation 
related to the battery charge level. 
- Generator supplies 220V (or 
110V) AC power for onboard 
appliances 
- 12V et 72V battery chargers on 
- Electric motors operational, power 
limited to 40%. 
- No regeneration because the 
genset is charging the motor 
batteries 

Mode 5 : Generator AC (220V) for propulsion 
only. 
- Electric motors operational. 
- Automatic generator operation related to the 
battery charge level. 
- Regeneration of propulsion batteries while 
sailing when throttles in neutral, motors activated 
at helm station and ignition key on at propulsion 
electrical panel.  
- Full propulsion power available : genset + 
batteries. 

Ignition  key : the ignition key turns on 
the electric motor system for 
operation in mode 4 or 5.   
When on, the ON/OFF buttons at the 
helm station motor panel are activated.  



January 2007                                   Doc ument non c ontrac tuel. Mod ifiab le w ithout notific a tion��
� � � � � �

• In position 4 and 5, when the ignition key is "ON" at the propulsion electrical panel + 
the motors are "ON" at the helm station motor panel, the motor controls are activated 
and the boat can move under power, with the maximum power that is available from 
the motor battery banks. This additional safety feature lets you prevent the propellers 
from turning when the boat is at anchor or stopped, but for even more safety, turn 
"OFF" and remove the ignition key from the propulsion electrical panel if there is the 
chance of people swimming near the stern of the vessel.  

            
 

 
             
• The power delivered by the generator in mode 4 is 11kW and increases to 13.5kW 
in mode 5 due to an automatic internal shift from 220V 50Hz to 220V 60Hz (or from 
110V 60Hz to 220V 60Hz), this is why, in mode 5, only the electric motor system 
receives the AC power from the generator.      
       
• In mode 5 only, the system can combine the power available from both the 
generator and the battery banks, therefore max full power is available until the battery 
park level descends to below 80%.  
 At that point, propulsion power comes from the genset only ; the maximum speed 
of the vessel is determined by the available power (which varies according to the 
selected operating mode and the size of the genset).  
   
• In mode 5 only, the generator automatically starts when the battery bank level 
reaches 80%, it stops automatically once every hour to test the battery bank, and 
either restarts immediately if the level is still below 80%, or stays off if the charge 
level is above that threshold. 
 Currently, the product development team is still working on the generator 
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 - Shore power ‘’on’’ 
 - Charger ‘’on’’ 
 - Battery fault detected    
                (flashing LED) 
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�
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automatic start feature.  Since this is based on the measure of existing voltage, there 
is the chance that the generator will start whenever there is a spike of high demand. 
We have added a buffer but this has proved insufficient in preventing the generator 
from starting up even when there is sufficient capacity in the battery banks.  
 So we are working hard to address this issue, meanwhile, this can be presented 
as the system being "overly" dedicated to protecting the battery banks, which Is not a 
bad thing.  
 
 
3) THE FIVE OPERATING MODES 
             
The operations can be resumed by 5 basic types of electrical needs, and are 
selected by the 5-position switch on the propulsion electrical panel.  
 
Mode 1 :  Shore power connection supplies all AC power. 
   All onboard appliances are run by shore power.  
   Some of the power is reserved for running the battery chargers.  
   The motor controls are inoperable. 
 
Mode 2 :  Shut down :  
    - when sailing, the propellers freewheel 100%. 
    - the boat is at the dock with no one on board. 
 
Mode 3 :  The genset is running at 220V 50Hz (or 110V 60Hz). 
    AC power available for onboard domestic needs EXCLUDING 

propulsion. 
  220VAC (or 110VAC) appliances are run by the generator. 

   Some of the power is reserved for running the battery chargers.  
   The motor controls are inoperable. 
 

 Modes 4 and 5 are the only two propulsion modes, and only work when 
the interior ignition key is "on" and the electrical motors are turned "on" 
at the exterior motor panel.  

 
Mode 4 :  The genset is running in propulsion mode at 220V 50Hz  (or 110V 

60Hz) and the domestic AC circuit also has power : approximately 60% 
of the power available from the genset is dedicated to the domestic 
needs, while 40% is available for propulsion and/or recharging the 
propulsion battery banks.  

 
Mode 5 :  Full propulsion mode, AC 220V (or 110V) not available for domestic 

needs.  
   Navigation : 

Navigation under sail. Regeneration is automatically activated when the 
motor throttles are in neutral and the motors are "on".   
Navigation under power. The energy for powering the electrical motors 
Is provided by the batteries. When there is not enough battery power, 
the generator will automatically start.  

�
�
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4) OPERATING MODE 4 & 5 : REGENERATION 
 
• In order not to slow the boat down when sailing in light conditions, the controller is 
calibrated for a propeller rotation speed equal to 4.5 knots, or approximately 150 rpm.  
 
• Below this speed, no regeneration, the propellers turn freely, rpm is determined by 
the boat speed.  
 
•  At sailing speeds above 5 knots, the controller applies a "brake" to the shaft in 
order to produce energy : at 5 knots instead of freewheeling at 230 rpm, the propeller 
will turn at only 150 rpm, producing around 3 amperes (per motor).   
 
• Up until the regeneration reaches its optimum charge value (as measured by the 
controller), the prop is "bridled" at 150 rpm. Once optimal regenerational charging is 
maintained, the controller allows the shaft and prop to accelerate progressively (the 
controller releases the "brake" on the shaft). The optimum value is set at 18 amperes 
per motor, which at a sailing speed of 9.5 knots means a loss of approximately 1 knot 
of boat speed.  
 
• At very high speeds (above 18 knots boat speed) the regeneration is deactivated 
in order to avoid overcharging.  

 
•  The motor battery banks charge the house battery bank via two 72V / 12V 25A 
battery chargers. This way, the house batteries are always kept charged, and benefit 
from regeneration while the boat is sailing.  When at anchor or during heavy domestic 
onboard appliance use, when the motor battery capacity drops below 80%, the 
generator will automatically start : all battery banks are perfectly protected.  Of 
course, the crew will notice, depending on their energy management, how long it 
takes before the group starts, and they can decide on their own at any time to start 
the generator, to prevent it from coming on automatically in the middle of the night, 
for example.  
 
�   It is always possible to stop regeneration either by pushing the "OFF" button on 
the motor panel or by selecting a non-propulsion mode (mode 1, 2, 3)  in order not to 
"brake" while sailing. 
 
�   When the batteries are fully charged, the prop is released and the system tests 
itself to restart regeneration when needed, depending on the battery level.  
 
�   Regeneration is completely automatic and self-regulating (like a normal battery 
charger).  
 
�  The boat sailing speed is never reduced by more than one knot while in 
regeneration mode.  
 

 
 
 
 



January 2007                                   Doc ument non c ontrac tuel. Mod ifiab le w ithout notific a tion��
� � � � � �

5) BATTERY AUTONOMY 
 
• Battery autonomy when operating under battery power alone is based on an 
average motoring speed of 4.5 knots with less than 5 knots of wind (after all, it is a 
sailing catamaran….)  
  • Battery bank discharge from 100% to 80% will occur in approximately 2 hours. 
  • If the generator is intentionally prevented (manual cut-off) during its attempt to 
automatically start and charge at the 80% level : 
  • Discharge from 80% to 60% will occur in approximately 1 hour.  
•  This means a total of 3 hours of range on the battery banks at 4.5 knots, knowing 
that battery damage may begin to occur after the first 2 hours.  
• At 60% charge level, the generator will again automatically start to protect the 
batteries.  If one tries to turn it off, it will remain running until the batteries are 
charged. The only way to stop it is to manually cut the genset battery switch in the aft 
starboard cabin to force it to stop.  
 
 
THEREFORE 
 
•To maintain optimal battery capacity, it is advised not to navigate under 

battery power alone for a distance of more than 9 miles, which is considered 
enough of a margin to get to a harbor and perform docking manœuvers.  

• Above the 13,5 mile range : risk of irreversible battery damage. 
 
�
�
6) PERFORMANCES 
 
11KVA genset : 
• Permanent cruising speed :     5.8 knots. 
• Top speed :     5.9 knots. 
 
17.5 KVA genset : 
• Permanent cruising speed :   7.2 knots. 
• Top speed :     7.3 knots. 
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7) FREQUENTLY ASKED QUESTIONS 
 
Q.: When running on batteries alone, how fast and for how long can you 

motor?  
A.: Our calculations : Batteries fully charged (with 60% loss margin) gives us 210A * 

0.6 = 125 Ah 
 Available power = 123 Ah * 72V = 9072 Wh ---> resulting in a total of 9072 Wh 

available per motor, and a top speed of approximately 6,5 knots.  As far as range 
is concerned, it all depends on the average speed but at full speed (10kW per 
motor) you can motor for about 1 hour. 

 
Q.: At what speeds is it best to avoid regeneration ?  
A.: It©s made very easy for the crew, the controller knows when and if it has to start or 

stop regeneration on its own. In any case, the effects on the prop shaft are 
progressive and there is no risk to the material.  

 
Q.: What are the various power outputs that supply the electric motors, and 

how does that work ? 
A.: The generator alone delivers 9.6kW (this comes through the charger - the 

generator puts out 11kW to the charger, the charger itself delivers 9.6kW) of 
power directly to the electric motors. 

 1. In continuous 24h running mode, the genset sends power directly to the motors 
(without using any energy stored in the battery banks) 9.6 kW, the equivalent of 
4.8 kW per motor ....resulting in a boat speed of approximately 7 kts. It is possible 
to manually disconnect the battery park from the system with the 72V DC circuit 
breakers when motoring.  

 2. At the maximum motor output (10 kW) the batteries can provide 3.2 kW to each 
motor. So, at max throttle with the generator running and the batteries providing 
power as well, the max throttle autonomy is theoretically 2h 45m. 

 3. Based on that calculation, after 2h 45m of max throttle, battery voltage will drop, 
and the boat speed will gradually slow down until it stabilizes at the speed 
explained in point n° 1.  

 
Q.: Is it expensive to change the motor bearings at 20,000 hours?  Who can do 

it ? 
A.: The bearings are common parts and we are working to ensure that their 

replacement can easily be carried out by a worldwide Leroy Somer service 
network. In addition, the quoted 20,000 hours is a minimum industrial use 
estimate, and most of the bearings will last much longer than that.  

 
Q.: What about recharging the propulsion battery banks : how many amps? If 

the larger generator is selected, is the charger different in order to be 
adapted to the higher power output?  

A.: 3 x 40 A = 120 A in mode 5. If one installs the17.5 kW genset, we install 2 
chargers (2 x 3 x 40 A), in order to deliver 19.2 kW to the motors, without having to 
take power from the batteries. 
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Q.: Is the motor battery charger that runs off of shore power the same as the 
charger that runs off of the generator?  

A.: Yes, it is the same regardless of the AC power source (shore power or 
generator).  

 
Q.: Can we fit folding propellers ? If so, what kind ? Will that effect motor 

performance? 
A.: You will no longer regenerate with folding props, unless you use manual pitch 

control propellers.  We are working with Autoprop to test their brand.   
 
Q.: How sensitive are the motor throttles : setting speeds from 1 rpm to 100%? 
A.: They work and feel like electronic diesel motor throttle / shift controls. 
 
Q. How can you tell that the boat is " in gear"  even at 1 rpm? 
A.: The ampmeter tells you when the motors are consuming power. In addition, the 

throttle controls have a neutral position spring release, and shifting to forward or 
reverse is "felt" mechanically; so one can see from the gauge on the motor panel 
and/or by the throttle position if one is in gear.   

 
Q.: Is the regeneration noisy ? 
A.: One can hear the prop shaft turning but the sound level is less than 46 decibels, 

the ambient noise of the waves and the boat is 55 to 60 decibels! 
 
Q.: How hot do the electric motors get ? 
A.: Between 40° and 65°C. (104° and 150°F) 
 
Q.: Do gel batteries provide a benefit in terms of life span and performance ? 
A.: Gel batteries require no maintenance and no ventilation. Other than that, they 

have the same performance characteristics as lead acid batteries. But, we are 
working on the possibility of using Lithium Ion batteries which looks promising : 1/3 
the weight, 1/3 the size, and an expected life of 8 to 15 years, with a capacity loss 
of 20%. Technically, this looks pretty interesting and we are working on making it a 
cost-effective solution.  

Q.: What is the diesel generator (11KW and 17,5KW) fuel consumption when 
motoring at 100% ? 

A.: Diesel fuel consumption at full power : 11 KW : approx. 3.4 l/h,  13.5 KW : approx.  
4.5 l/h,   17.5 KW : approx. 6.1 l/h,  21.5 KW : approx. 7.2 l/h. But these are 
maximum figures, the gensets do not run at full speed all the time. 

 
Q. : During a long ocean crossing, how can you use the regenerated energy 

from the propellers for onboard domestic appliances ? 
A: Electricity is always available since the house batteries are charged by the motor 

batteries which are charged either by regeneration or by the generator.  
 
Q. : Why use 72V motors and not more powerful ones ? 
A.: The danger limit for human beings has been determined to be 80V. We wanted to 

stay 10% below this threshold for safety reasons, and besides, 72V is plenty in 
this application.  
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Q : 2x10KW of power seems to be weak for a catamaran of this size and 
windage, especially since it isn't always possible to have calm seas for 
anchoring or leaving/entering harbors. Plus, taking into account the 
variables of electric power, isn't It conceivable that only half of the 
theoretical power is actually available? 

A : 5 knots boat speed in moderate seas with 25-30 headwinds : these are actual 
measurements taken from a Lagoon 440 equipped with our electric propulsion 
system.  (Consistent readings with a 17.5/21.5KW generator) 

 There are also measurable power loss variables in diesel motors configurations 
(propellers with incorrect pitch, vibrations, transmission loss, etc.).  When one 
looks at hull drag curves, one can see that the theoretical kilowatts needed to 
attain target speeds are actually very similar to the values of electric propulsion.  
In addition, we also purposely put a ceiling on the target speeds, because the 
power needed to pass the 7.5 knot level is exponential - you would need twice as 
much power to go from 8 to 9 knots!  

 
Q : The battery banks and overall capacity and autonomy seem very 

undersized. The surface area of the roof and the bimini would allow for 
generous solar panel installations, but why even do that if the battery banks 
are so small? The batteries would just charge up quickly (too quickly even!) 
and then discharge quickly, even with the generator charging them all the 
time. Who wants to do that?! Where are the battery banks? Is it possible to 
increase the capacity with other small batteries, or even better, use golf cart 
batteries or even Lithium 6v batteries (dimensional problems 
notwithstanding?)  

A The motor battery bank is calculated to provide a range of 13,5 miles (3 hours at 
4,5 kts). It Is made up of  2 x 6 12V - 210 Ah batteries and weighs 840 kg / 1850 
lbs. 

 Our premise is that you use your propulsion batteries for entering and leaving 
harbors, and in case of emergencies (genset breakdown).  

 The battery banks are in the aft lazarette. 
 There are certainly other types of batteries that could work in this configuration. 

We chose these types of batteries because they represent the best value for 
cost/quality/power/size and worldwide market availability.  

 Battery regeneration is assured once the vessel reaches 5 knots of speed under 
sail.  With regeneration, you will have easily 1500 W / h charging the batteries. 

 And finally, solar panels would only allow you to charge a maximum of 120 
watts/hour per m2 under the best of conditions (direct exposure in bright sunlight).  

 
Q : Working with 72V? Intensity or voltage, what is the the most important 

safety factor? 
A : The choice of 72VDC isn©t that surprising or unique. For instance, it is the same 

voltage used by the French National Railroad Company (SNCF), and also most 
common traction-type machinery (forklifts, pallet stackers, etc.) as well as 
elevators.  

 
  When it comes to limiting the danger and protecting people, it©s best to work with 

low voltage levels.  
 One cannot just disassociate the risks involving voltage and intensity since the 2 
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variables are proportionally related.  
 Maximum voltage tolerance for the human body  : 50V AC 
 Maximum intensity tolerance for the human body  : 30 mA 
 Human resistance : R = U/I = 50 / 0.03 = 1667 Ohms 
 
Note that we are using 72V DC : I = U / R = 72 / 1667 = 43 mA 
Since we are using direct current, the maximum intensity tolerance for the human 
body is 130 mA (according to the manufacturer), so this is the safe choice. 
If were working with 220V : I = 131 mA, and that is what would be dangerous !! 
In conclusion, it©s the voltage that REALLY counts since that is what the intensity is 
"based" on. 
 



January 2007                                   Doc ument non c ontrac tuel. Mod ifiab le w ithout notific a tion��
� � � � � � � �

8) TABLE OL LAGOON 420 ELECTRICAL MOTOR OPERATIONS 
 

 MODE 1 MODE 2 MODE 3  
MODE 4  

Key on position 1 in order to 
activate the prop. 

MODE 5 
Key on position 1 in order to 

activate the prop. 

  220/110V AC 
SUPPLY SOURCE SHORE POWER OFF 

GENERATOR  100% , 
on full time for onboard 

AC power 

GENERATEUR  60%  AC 
power for onboard domestic 

appliances (automatic start at 
80% of 72V battery level)  

GENERATEUR  100% AC power 
dedicated only to propulsion 

(automatic start at 80% of 72V 
battery level)  

            

 12 V power available YES YES YES YES YES 

220V / 110V  onboard 
power available 

YES 
NO (except with 
optional inverter) 

YES YES NO (except with optional inverter) 

72 V charging YES NO YES YES 
YES depending on available 

power 

 12 V charging YES NO YES YES 
YES depending on available 

power 
            

PROPULSION NO NO NO 

Battery power (+ automatic 
generator startup with 40% 

dedicated to propulsion, when 
the batteries are at the low 

level limit) 

Battery power (+ automatic 
generator startup with 100% 

dedicated to propulsion, when 
the batteries are at the low level 

limit) 

 PROPULSION 
Full Power 

NO NO NO 40%  of genset supplied power 
100% of genset supplied power + 

72 V batteries down to 80% of 
their capacity.  

REGENERATION NO NO NO NO 4,5 kts < YES<  18 kts 


