Boats with Volts:
The Shocking True Story of

Swed Peads Electric Conyv

Werecentlys howed our newly el ect r publica tthe 38rd Anhual WBaden®BoaP e a, t o
Festival in Port Townsend, Washington. Electric boats are still unusual, and one successfully converted from a

gas outboard is even more so. Literally hundreds of people that weekend were eager to see how it was

accomplished so this article describes the process.

The benefits of electric power are obvious: i t 6 s nafanieg nojse or pollution; lower fuel costs; greater

reliability. But wedve discovered that the real iteflexbditytmgivetouof e
what you need for each particular outing. Wh et her it 6s a s ociwherethdptopulsionoon | a
source disappears in the background as you visit with your guests, or a weekend long expedition where tides

and long distances must be constantly in mind. Electric boating is not just strapping on a source of power to

be exploited, rather it enables you to experience nature similar to the way paddling does, while engaging your

mind as much as sailing. Get ready for a great ride.

We hope that many other small boat owners can construct their own conversions using our experience. But a

few cautions: this is a challenging project, taking longer than a weekend. There are hazardous elements

involved: working with electricity should only be done mindful of personal and property protection. Some tasks

may require professional help if youhaven6t done them before. While most 6&d
basic architecture there are many makes and types out there, and you may run into differences we d i daowrt

in this brief article. In my experience, though, most potential difficulties can be overcome with a little

confidence and experimentation. Finally, we included a section on suitability of both your boat and your



expectations for this conversion. As a leading edge electric boater, expect that there will be learning along the
way including experiencing what low-power boating feels like. Powering by electric is a unique experience with
uniquerewardsbuti t 6s not flory @ w & gowWiliekjey elecsic boating for a long time to
come.

Swebdb Pea History

Swe 6 P e abfoosdisgaceindnt runabout. She began life as a racing sailboat known as a Jet 14. |
acquired her in the 198006s and sailed her quite a bi't
rotted and previous restorations had changed her shape. Sadly her racing days were over. We continued to

sail her but it w a s fei@urely sailing.

When we needed a family friendly boat in 2003 | cut the rot away and she got a new transom, more freeboard,

seats, skeg, and a windshield. She also got a 5 hp Honda outboard steered by the original tiller, which was

moved up front in the dash. Her speed was up to 7 knots but we would typically cruise at 4-5 knots. Since then
sheds been a constant summer ¢ o0 mp aexpedition ftom Seattesout fo®orti | vy .
Townsend, salmon fishing, crabbing, cruising mountai:
the inverse ratio of fun to size with leisurely small boats.

Even so, we tired of the sound and smell of the gasoline engine i so close on a 14 footer. In 2008 we decided
to convert to electric.

The Electric Experience

In planning our conversion, we expected to take advantage of the easily-driven hull shape of a sailboat
knowing that our speed aspirations were not beyond the fdisplacement-modeodspeed of the hull. Establishing
our personal speed and range expectations using the natural needs of a displacement hull eased decisions in
selecting power levels and battery sizes. The new electric drive system is 110 Ib heavier than the 4-stroke
gasoline setup, but the vessel trim is much improved and max speed is still acceptable at 5 knots with typical
cruising at 4.

Now with one full season under our belt, and 90 plus hours of the rain, sun and blown salt spray, wed vhad no
problems with the electric conversion, once we got the components right.

One nice surprise with electric is that running out of juice is less of a worry than you might think. I forgot to

charge the batteries recently and found that we were nearly empty of charge within seconds of launching. We

used the opportunity to test a theory and headed across the large lake at ¥z throttle anyway ( you donét w
sunny day in the Pacific Northwest). Every time the battery dropped to the minimum pack level of 30 volts we

lowered the throttle a little more and voltage recovered. By doing this periodically we traveled over 5 miles

starting at 4 knots and ended at almost 3 knots back at the dock. So we found that electric powering gets you

home safely and has a predictable warning behavior that is easy to manage unlike a gasoline motor that quits
altogether. More interesting to me- this illustrates how flexible the range of an electric boat can be and brings

in an element of fun to an otherwise simple propulsion source.



Range is highly dependent on speed with Electric. With a full charge, attop speed Swe 6 6Be d ul | p O Wwe
is only 8 nautical miles (about 1.5 hours of use). But if you slow a little from 5 to 4 knots, her range more than

doubles to 18 nautical milesand at3kno t s , itods 34 nautical mil es. Char gi
using dockside electricity.
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Chart of SwedPeabs range/ speed tradeo

While some would find this performance inadequate, the reality is that speeds much higher than what some
refertoasihul | s peedo usingenaipstrearh éleetricgropulsion. While more powerful motors are

readily available, they discharge the battery pack faster, requiring larger battery banks for a reasonable range.

In turn, extra battery weight would require even more powerandso-on. Eventually wedd exc
loading of the boat and it would be too heavy to go much faster anyway. The design spirals out of control

unless you use clear criteria for limiting power, and one clear criterion is hull speed.

Is a conversion in your future?

Based on my experience, one simple guideline for suitability is to ask if your boat can be driven at an
acceptable speed for you using a 2-3 hp gasoline outboard. That 6 s about what we get f
The following section illustrates other factors to consider.

So what is an acceptable speed? Hull speed is a traditional and useful place to start. Swe 6 Puwlapégexd h
the speed whetoleemn htehdsipa®délnots (5.5mp. 7Driving a boat harder than that
just makes more waves and reduces the efficiency and range considerably while adding very little meaningful
speed.

The hull-speed for a boat is largely determined by the length of the hull in the water (called Load Waterline
Length, LWL or just waterline). Boats of different lengths have different hull speeds so your boat may go faster

~

than Swed6 Pea if i1itds | onger t@rdamiarhdlshapef t and i f it o6:¢



Hull speed knots
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Waterline length impact on maximum displacement speed.

Weight greatly affectss p e e d . Pea @eighsbaround 650 Ib with me aboard and goes up to 5 knots. If
we add another 300 Ib in passengers the max speed falls to 4.5 knots.

Another consideration is hull shape. Swe 6 Preundet saitboashull designed to be driven easily.

Most sailing hulls of appropriate displacement and waterline length are also appropriate for this conversion.

Fewer power boat hulls will be unless they are light and have less than an inch or so of immersion at the
transomatrest. You o6l | probably have pdeapV planningéull becausatheirc e wi t h
deeper transoms create lots of drag.

Trim of the boat has an impact on how effective your hull shape is. If we move the passenger weight in
Swepea from the front to the back seats, the transom immerses and we find that speed goes down by %2
knot. This is the main reason for having remote controls for our conversion- it moves me forward to better
trim the hull. Batteries are also placed forward under the helm seats to better balance the boat.

For a very clear description of hull shapes,lhi ghl'y recommend Dave ,GeemMNatwe ou
of Boats.

Where you go boating, strength of currents and tides, will affect your range and speed. Sailboat masts and
standing riggingpr ovi de additi onal fi wi n d asg ansider this in youg decissonta n c e
convert using a |l ow power solution |like ours. I f yo
to the dock, expect slower progress and reserve battery capacity for a long, full-power slog.

There are many traditional small boats with inboard motor wells such as the Caledonia Yawl, traditional
dories, and some small catboats. Conversion seems ideal for this kind of boat.

The final requirement, again, is more about the boater than the boat; what are your speed expectations?

Our family feels that wedre at our destination when
matter how fast we go - within reason. But that does not suit everybody. Some might want to think about a

more powerful optonsowe 6 ve ¢ o mp i | eotihiglaer poveer electrec motdrsi(Se€ 6 Re abduyi | t 0

A

electric motorsodé chart

The Elements of the conversion

Propeller: The propeller is the most inefficientpartof any el ectric drive system.

to match a propeller to the boat and to the motor we can keep things simple in this case by sticking to a

propeller pitch between 6 and 8 inches per revolution and between 7.5 and 10 inches in diameter. Stick to the

larger diameters if you can, because diameter can have a large influence on the overall system efficiency.
Hereds a chart showing the rel ati on-fghtiaghtelecticsdivee d whi |



system, the Electric Paddle. In this test the propellers had varying pitches, but the performance is clearly
driven mostly by diameter:
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Looking at the chart you might think that even larger propellers should be used. That would be true except that

you would need a higher gear ratio to drive the increased friction with the motor still operating in a reasonable

torque range. Normal drive ratios in the lower unit will be between 3 and 4 to 1 which will give reasonable

performance with the specified motor. With standard lower-unitgear rati o | i mitations i
just about the |l argest swing reasonable for the motor
conversion with reasonable results though | am thinking of re-installing the motor into a larger donor lower unit

for more prop diameter.

Motor: This conversion uses a 1000 watt brushed DC electric scooter motor. This photo shows the motor,
controller and Hall-effect throttle.
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Motors of this type are widely available as are their speed controls. Now-a-days, some people view brushed
motors as outdated, inefficient and prone to wear compared to newer lighter brushless motors®. However, a
brushless motor, while lighter, operates at 10x higher rpm and therefore requires an extra 10:1 gear unit

! The Electric Paddle is a portable electric drive system | designed for portable craft, launching in 2010. See
www.electricpaddle.com.

I am a member of the Lasermotive team that just won the 2
Gamesod) . For that dightpéightardthighgparformancew@awe tusedla brushless motor that can provide

the same continuous power as this brushed motor in about 1/5 the weight and volume. Still, for boating | recommend

brushed motors for their availability, cost, reliability, and RPM suitability.



erasing any weight savings. Furthermore, brushless systems of equivalent power cost at least twice as much
as a brushed system. Finally, I have had no reliability problems thus far after one full season of use of a
brushed motor. In fact, when | disassembled the electric motor to explore this point for the article, | found that
the brushes were hardly worn and the commutator was still like new as can be seen below.

The motor we suggest is face-mounted, making it ideal for mounting to an adapter plate. Brushed motors are
well-made, reliable and cheap and this one comes with a nice heat sink fin arrangement that stays warm to the
touch - never hot.

Battery: Though we use NiMH batteriesinthenewEIl ectri ¢ Padd| emgnd avaldancd of thel 6 d
newer high performance battery chemistries like NiMH and Lithium variants in home-built, high-current
applications | i ldefinitehhabatteryaxper. Srdessypmfessionally designed and protected,
systems using these battery technologies can be dangerous to life and property. Also the cost is currently at

least 6x times that of plain old lead acid batteries you can get at the local auto parts store.

Our conversion uses three 12-volts, wet-cell lead acid batteries in a common battery box. Our box is a built-in
custom affair but you could use standard approved boxes. Be sure to place the weight on the keel or stringers.

De-rating of lead acid batteries must be understood at least superficially as it affects the range from lead acid
batteries considerably®. Our batteries are listed as having 80 amp-hours capacity but de-rating shows that at 3
knots, capacity is 61 Ah and at 5 knots, capacity is only 41 AH. So the range of your boat will be a function of
speed not only because of hull resistance but also battery capacity.

3 Derating describes how much faster power capacity will decrease at high current flow when internal temperature
increases and alters the batteryébés chemical reactions.



GasGage: You may be tempted to try a volt meter. | 6d
dips with use meaning that you may think that your pack is fine, when in reality, a little more throttle will drop it
down to dangerously low levels. What you need is a good fintegratingo meter.

In the early days of Steam power, James Watt invented the term fHorsepoweroto sell his steam engines. He
needed to communicate to farmers just what a steam engine could do in terms they already understood and
fhorsepowerd wor ke d | iNbkvadags, we kn@w mathing of horses and the entire world is moving to a
more calculation-friendly unit of power name after James Watt; the Watt. For the record, there are
appr40ximately 746 wattsinone i A me r ihg ®ur inotor is a 1 kW or 1000 watt motor making it a 1.34 hp
unit.

The nicest thing about watts is they can be electrically broken down into voltage and current with a simple
equation t h aillutrated by the two top and the right hand numbers shown on the watt meter:

Watts = Volts x Amps

101.9W=17.73V x5.75 A h 17.73U

The lower left corner, currently showing 1.24 KWh scrolls through Ah (Amp hours), KWh and a bunch of other
things too. I use the Ah reading to kee mizeishbtweenodh
Ah and 61 Ah depending on how speed-h ungr y we 6Ywecoudalsoruse the KWh capacity if you
know that

KWh = Ah x V /1000

Using battery cap between 41 and 61 Ah and V equal to 36 volts, WH capacities calculate out to between 1.5
kWh and 2.2 KWh but there are voltage errors in this method so | still rely on the Ah method of reading the
tank.

Controller: The controlleri s an el ect r on vades fhéddvaagekpovreosrgnd to thehneotor giving
you any speed from 0 to 100%. It does this using a method called Pulse Width Modulation or PWM. These
PWM controllers actually turn the motor on and off thousands of times per second (pulses) and each pulse
happens for a certain period of time (width). The longer each pulse is on, the higher the average power to the

motor. Of course all this happens so fast the motorknows not hi ng but t he Wawigallya g e

used an inexpensive scooter controller in our conversion because it was literally 6 times cheaper than a beefy
unit and the specs indicated it could handle the job. It worked out pretty well for a long time but at one point it
blew out. Fortunately, we had a spare controller available and plugged it in and were on our way. Not wishing
to be bothered, we replaced SwedPe a6 s cont 6 bul & gyolfartwdntrober.

4 . . . . . . .
Small gasoline engines never live up to their hp ratings because they never get up to the rated rpm on real boats, so in terms of actual gasoline motor
equivalent power ratings, this is more like a 2+ hp motor.
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Throttle: The throttle gives our controller the information it needs to know what speed you want to go. It does

this typically by variably dividing up a voltage input. | f you use a scooter controll e
throttle. Thisis nicetouseast hey 6 r e ¢ hygphlgintethe donttollerewith minimal fuss. For the golf cart
controller we cannot use the scooter controller because of voltage offset calibration issues. So we made use of

a standard 5k ohm potentiometer.

Wiring: Thereds noywaynaedubdefiy wir e sPeadfatvs 3thamps anchmoet t | e,
than twice that in the motor circuit due to inductance reactions. That can produce significant losses in long runs

of wire so | recommend at least 6 gage wire in long-run (over 3 ft) motor circuits and 10 g for battery. Tinned

marine wire is the standard and | use it for the Electric Paddle wiring. But for this conversion, cost is very

important. My experience has been that soldered and properly sealed non-tined wire works even aboard an

open boat. Inspect it annually looking for green between the strands. For cost and availability, | found that

heavy jumper cables are locally available at a competitive price. These cables are very nice to work with too

because the wire is fine and flexible. Otherwise, tinned cable is available from reputable marine supply houses.

A cautionary note: keep all cables shaded from the sun. The insulation degrades in sunlight but a wrapping or

cable cover helps avoid this.

Fuses: Three batteries in series can provide a lot of current. In addition to making all connections as robust as
possible you must use appropriately sized fuses for each circuit. | prefer placing fuses as close to the batteries
as possible to maximize protection. | am using a 30 amp fuse in an automotive type carrier and have yet to
blow one out.

Flotation: Finally, and certainly not least importantly, seriously consider increased flotation for your boat to
accommodate the extra weight in lead from the batteries.

General location of components: I n Swebd Pea, we | ocated rerotelyatthet he el
forwardheim.But |1 6d pl ace controller and reversing cagarr ol
because the heaviest wires go from the controller to the motor, not from the battery to the controller. Most

outboard motors will have a great deal of extra space in the cowling once the new electric motor is in place. If

you want a tiller controller version than all these bits would definitely best be placed in the outboard cowling.

Reverse: You can save by using the existing mechanical reverse in your motor or use relays to make reverse
remote using switch-operated relays like we did.

Suitability of a donor outboard

I f youbve de c hekkoite of autboard will/typically,corme down to what you have at hand or can
find inexpensively. But make sure that the lower unit of your donor outboard is in good shape. The most
common problem is a seal leak which you can detect from the milky lower unit oil. If you use a leaking lower
unit, use vegetable oil as a lubricant to preserve our waterways.

The gear ratio should be as close to 4:1 as possible, especially if it has a larger propeller capacity. You can
count the turns of the propeller with each turn of ¢t
sheet or manual. Most are in the 3:1- 4:1 range.

The ubiquitous 2 hp 2-stroke motor is, in mostways,a g o od c¢ a nlght draatl, and hak ¢néugh
strength for this kind of power output. An 80 propel]l
plate but they typically comewitha7-1/ 406 propell er, which will | propeller you



slip. Though 2 hp units are good candidates, | prefer a larger HP donor motor because they come with a larger
propeller diameter, which is important for slow speed craft efficiency. Icanfitan8-1/ 2060 propel | er i
donor lower unitand,aslsai d, the next motor co#d0Vérsienarhbhadkcle.dobd Wk
Seagull that is calling to me.

Motor conversion:

Converting the motor: Converting the motor is step 1, and for me the most enjoyable part of the conversion. If
y 0 u 0 r sare yebabout tackling such a job keep this in mind,; it involves tearing down something very
complicated (a gasoline engine) without any intention of ever putting the complex bits back together.

Prepare the lower unit by removing the motor cover and propeller, then remove all gasoline from the motor and
clean it well. After unbolting and breaking the engine loose from its gasket it should lift up for disposal.
Important- leave the shaft with the lower unit. Remove the impeller to reduce friction in the system- refer to
your outboard manual for instructions as they all work differently. Once the lower stem is back together, turn
the shaft to assure that it runs smoothly. It should look something like this:

Note- the shaft will not run without frictiondue t o t he s h af talrighteiatl &8s, nbuwcth tehaastile
than when the impeller was there. | f itds not at | east smoot h, find

Your outboard donor has a substantially flat area on the top of the lower unit with a shaft coming up

t hrough this plane thatodés perfect for an adapter pl
to protrude. Also in some cases there will be a hollow shaft as can be seen above. In this case, a socket
extension fits this hole perfectly and also provides some degree of flexibility to the motor mounting without

an expensive shaft coupler.

The next step is to make the adapter plate. Use Plexiglas to make a template. Drill a hole that just fits the
driveshaft and lower the template down so it sits on this flat plane with the shaft protruding. Mark the hole
locations for the mounting and trace the outline of your adapter plate. Remove and repeat for the electric

motor. Drill all the holes in the template and cut to shape by following the two outlines- whichever is bigger.

It does not hurt to make the plate even larger than the mounting structure to provide an extra cooling fin. To

ease assembly later, enlarge the motor shaft hole in the template so it clears the shaft-coupling diameter.

This picture shows a Plexiglas template cut out alr



Making the template is much easier now. Either machine the shape yourself or drop this template off at a
machine shop to have the actual adapter plate made. | used 10 aluminum pl ate.

The electric motor comes with a sprocket for a chain that is not used in this conversion. The sprocket can
be removed from the shaft by removing the C-clip, then pulling the sprocket from the shaft stub.

Do not remove the shaft stub bearing race. The motor shaft is too small to allow adaptation without this part.




Lower unit shafts will need to be cut to length. Cut the lower unit shaft with a hacksaw so that the motor
shaftandlower-uni t shaft have a ngsspmbledwihlthebdapter plate. 1 0 whe

Install the shaft adapter. In my case, | used a brass machined coupling. You can have a machinist make
such an adapter or purchase a pre-made one. Here, my home-made coupler is shown upside down with
the motor bolted to the other side of the adapter plate.

When making a final assembly, liberally bead the motor shaft where it enters the electric motor with high
temperature grease to prevent rust in the lower motor bearing. Though the bearings are sealed, a little lube
never hurts.

Assemble the adapter plate, motor and shaft to the lower unit and it should look something like this. Here |
show the old 2-stroke engine next to the new motor installed on the lower unit. The size difference is
apparent.

Re-lube theloweruni t , i nstall the pr op e ltdrmehe prapelldr shafbhy banckcand o n e
you should feel heavy cogging from the motor. This is normal. If it grinds or if cogging is uneven, take apart

and check shaft coupling and everything else until you find the cause. | have had some trouble with warped
couplings and shafts. If this occurs, try a different type of shaft coupling that adapts to misalignments, or

take it to a machinist along with some girl scout cookies to help figure it out.



How to re-install the motor cover is completely determined by the particular motor. You may need to install
new brackets to simulate mounts that were once part of the engine. Ours mounted easily with the white
casting shown below sandwiched in-between the adapter plate and the lower unit.

After being accused of using a Agasolined motor in
leave the motor cover off. This photo also shows how we connected power to the motor initially with the
cowling over the motor and before there was a sheath on the wires.

The steering arm tiller can be keptf oyroudirsec aursdendy itfl
outboard tilerarm,t he t hrottl e system will furthdrd dJopdme war
scooter controller option, replace the tiller grip with the new scooter throttle handle. If using the golf cart
controll er, figyroautdhodwto cauple tde potemtiometer to the existing twist grip. |l 6ve had

with rubber hose as a flexible shaft adapter. Just mount the potentiometer in line with the throttle control
shaft, slide on some | otubing that fits both shaft ends and secure with small hose clamps.

For a remote throttle setup | made a remote throttle arm that works coupled with string and pulley that feels
remarkably refined. Alternatively you could use a simple knob on the potentiometer shaft and power up
with a twist of the knob instead.



The electrical connection to our motor is a 7-pin trailer plug. Use three pins for positive and three pins for
negative to make the connector handle the current safely. Use 6 gage wires to assure that power is not lost
unnecessarily. Use contact grease to assure reliable connections.

| used automotive style deep cycle batteries from a local auto parts shop: three Excide nautilus 24 group
wet cell batteries. These are series connected with 10 gauge jumpers as seen in the photo. Note the
marine-grade lug connectors sealing against the wires. The battery box is made of wood and sealed using
epoxy and has a loose-fitting plastic lid. The batteries are set on a neutralizing mat, and foam pads are
placed between cases to prevent chafe, especially when trailering. The batteries are secured using a
wooden beam over all three.

The photo shows our control console. From left to right: the on-off/dead man switch, forward-reverse switch
(hard to see), throttle handle, wattmeter (our new gas gauge), and mains battery switch. | de-activate the
battery bank while at the dock and when on the trailer.



The controller and battery charger are installed in the glove box in the dash, but, again, | suspect the controller
would be happier closer to the motor. That would prevent current losses in the long wiring run.

The schematics for this conversion are relatively simple. | include one for the scooter controller layout, one for
the Aaxed golf cart controller and one for the rever:

Scooter controller: You will need to ask for the wiring color code when you order your controller. The scooter
controller is convenient in that all power connections are via standard lugs and you can use separate lugs into

the connector cases. Unfortunately the lugs are borderline undersized for the application, so make sure they

are clean and female lugs are tight and well connected. Otherwise they may overheat, especially on the motor

side. You cannot connect 6 gage wire directly to standard lugs, instead, connect a short length 10 g wire to a

lug and solder-splice into the 6-gage wire. The other plugs for the key and for the throttle are a smaller plug

type not normally available in stores. You may wish to replace these with standard lugs too. Remember to prep

the sparecontrollers o it 6s ready for use should the first one f




