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Dedication

For my wife of 64 years who as a nurse spent her life
learning and teaching others. She inspired me to

continue learning about the many aspects of boat propulsion.
Over some 20 years, I have written 3 books on the subject
with her blessing and understanding.

I miss her generous nature, her companionship
and her advice on living a good life.
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Twenty years from now, you will be more disappointed
by the things you didn’t do than those you did.
So throw oﬀ the bowlines. Sail away from safe harbor.
Catch the wind in your sails. Explore. Dream. Discover.
MARK TWAIN
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Introduction & Background

o make life a little easier for myself, I invested $200 for a “sit-upon”
ten-foot kayak to replace my “sit-in” 10-foot kayak. At my very senior age,
getting in and out of a sit-in kayak is quite a chore! As shown in the
following image, I added a pair of sturdy handles and a home-made wood mast
and boom. Since the boat is basically built like the boards that are so popular
today, I thought that I could install a small sail and control the direction of the
boat with the paddle. That did not work. I then added a weighted centerboard,
but the board still did not sail well. I decided that building a sizable rudder would
have to be the next step.

Sit-Upon 10-Foot Kayak with an Opti Sail Plan
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While I was weighing the pros and cons of various sailing rigs, I spent a day at my
favorite beach in Hingham, a town in Boston Harbor dating back to 1636. The
beach is muddy at low tide, consequently, it is not a busy place. The town runs a
sailing school nearby where they start the kids on Optimists (Optis) 8-foot skiffs.
Their 35 square foot sail and 7.5-foot mast seemed about right for my new kayak.
The Opti was designed by an American, Clark Mills, in 1947. He built the largest
pram that he could get out of two sheets of plywood. It went on to become one of
the most popular sailing dinghies in the world. He donated the plans to the
Optimist Club.

Getting back to my day at the beach, as I was walking to the sailing school to find
out how the kids rigged their Opti, I noticed that there was not a bit of wind. I
fully expected to find a group of kids with very long faces. On the contrary, they
could not have been happier. Some of the kids were laying at the bottom of their
boats, paddling with their hands, others were using the boat's scupper for water
fights and some were just happy to jump in the water from the dock with their
clothes and sneakers on. I could not help wondering why grown-ups can’t enjoy a
day on the water as much as the kids do. I think that the grown-ups could if boats
were more reasonably priced (a new Sunfish costs $5000) and the boats were
easy to transport, set up and launch.
During the water tests of the Opti sailing rig, I encountered a gusty day and
capsized the kayak twice. Fortunately, I was not far from shore and the boat
righted itself without taking on water. The incident reminded me that kayaking
can be a dangerous sport. Before venturing out too far, it is wise to learn to right
the boat and practice getting back on board, take a lesson at a sailing school if
necessary. At that point it was late in the season, I put the sailing idea on hold
and started my new winter project: An Electric Kayak.
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L

Cost-effectiveness and Efficiency

ike 10-foot kayaks for $200 each, the two small Minn-Kota and Newport
Vessels, 12-volt, trolling motors costing around $125 are hard to beat
when it comes to value. They weigh less than 20 pounds and put out
enough power to outrun a fast paddler. They are not efficient. The dynamometer
tests that I performed on these motors show that they are about 65% efficient at
full power and as we will see, far less efficient at lower speeds. With a battery as
large as a car battery, the low efficiency is not a serious problem, however, for a
kayak, a smaller battery and better efficiency are very desirable features. Fortunately, the miracle of Pulse Width Modulation (PWM) using a small Arduino Uno
microprocessor (to be described later) provides very efficient propulsion.

Sit-in 10-Foot Kayak Ready for an Electric Trolling Motor

Twenty years ago, I did a lot of work on electric boats resulting in a couple of
books. My most successful boat was “Sunny II,” a converted 19-foot sailboat
consisting of an O’Day Rhodes 19 hull with an efficient British Etek motor as
described in my book “My Electric Boats”. The boat was on a trailer so that
the batteries could be charged before putting the boat in the water. Although it
required much less work than removing the batteries to charge them, and was
3
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more reliable than using solar cells on the roof of the boat to charge them,
dealing with large, heavy batteries was still the most unfulfilling part of my
electric boating experience.

Much has been done over the last 20 years to improve the capacity and reduce
the weight of batteries by using Lithium-Ion rather than lead. These improvements will continue because there is a growing market for electric cars and
for cordless tools (Ryobi now has more than 175 different cordless tools). The
Ryobi 18-volt, 4 Ampere hour (Ah) and 6 Ah battery packs are readily available
everywhere.
We will see that by using PWM to generate the lowest trolling speed when the
motor consumes only 35 watts, the continuous running time was measured at
2 hours from one 4 Ah battery pack. Of course, as the speed is increased
requiring more power, the running time decreases. Considering the 2-hour
charge time and the ease of plugging in a freshly charged battery pack in the
control box to extent the cruise time, using a battery pack is an excellent
solution for the battery problem.

The Proposed Project

The plan for the Electric Kayak project is to modify two 10-foot kayaks, the coral
sit-upon kayak (without the sailing rig) and the red sit-in kayak. In addition to
paddling them, it will be possible to propel them with 18 volt battery packs and
slightly modified Minn-Kota or Newport Vessels trolling motors (we will recommend by-passing the rotary speed switch that comes with the motor but this is
not a requirement). PWM techniques inherent in the Arduino Uno microprocessors are used to reduce the 18 volts of the battery packs to the 12 volts required
by the motors and to control the speed of the motors much more efficiently.
Ryobi 4 Ah and 6 Ah battery packs such as those used in cordless tools are used
for the battery power.

By modifying 2 kayaks and driving them with 2 different motors we will be able
to determine which combination of boats and motors provides the best performance for the intended use. My plan is to build the simplest and most DIY-friendly
control box possible. Having tried several iterations of the control box, the final
design will incorporate all the improvements discovered during the water tests.
The mini transom and the steering changes should not be a problem for a
competent DIY craftsman. If you have never worked with Arduino, it will be a
challenging but worthwhile learning experience. The software has been written
for you. It is simple and thoroughly checked out.

Author’s Note: Chapter 9 describes the use of off-the-shelf motor
controllers which require no programming nor soldering of wires
or components. Chapter 10 describes the use of more powerful
12 volt batteries for higher performance in speed and range.
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The Control Box and Other
Modifications to the Two Kayaks

o describe the project, I will use photos of the red sit-in kayak since I
showed the coral sit-upon kayak as a sailing kayak. Photos of the main
components, namely, the steering, the console and the mini-transom are
shown below. I made the same electrical modifications to both kayaks and both
motors. The boats can operate with either motor. With water test results from all
four configurations, we’ll be able to understand the advantages and disadvantages of each hull shape and of each motor.

Motor Mounted on a Mini Transom with Steering Lines
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Mounting the Motor

Starting from the back of the kayak, the location of the mini transom from which
we will hang the motor, is two inches from the end of the boat. In the past, I built
a bracket for a small motor used on a canoe. The bracket was located near the
seat so that there was no need to relocate the controls or to add steering. It
worked but the handling (especially the turns) felt awkward, and I did not want
to repeat those disappointing results.

In my distant past, I had seen large dories used by lobster fishermen fitted with
a box inside the boat on which an outboard motor was mounted. The motor
controls were used, and the steering was done with the outboard. All very
convenient and easy to implement. Since I had already cut a hole for the
centerboard in the coral kayak, I reasoned that by enlarging it, I could mount
the trolling motor there within easy reach of the paddler. This idea did not work
because the motor was mounted too close to the center of the boat for effective
steering. On the other hand, the in-the-water tests did reveal the following good
news: when the motor is mounted on the transom, both the controls and the
steering work perfectly.

Pivot Arm Connected to the Steering Lines
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The Steering

The steering is done with a lever on a pivot (shown in the preceding image)
within easy reach of the paddler. It actuates a steering bar added to the motor as
shown in the previous photo. A smooth ¼ inch line is attached to the end of the
steering lever and runs out of sight on each side of the boat and emerges a couple
of feet forward of the motor to connect to the steering bar. In front, it goes
around a small pulley, the rest of the way it is guided through 6 eye bolts.

The steering can also be done using foot pedals. They can be purchased as a kit at
Amazon for about $140. They were not tested for this book.

The Control Box

Much more will be said about the control box in Chapter 4 but in general, it must
be located within easy reach of the operator. As a first line of defense for keeping
it dry, it is mounted on a 3-inch-high pod. It houses a voltmeter, the Arduino Uno
microprocessor and the Cytron driver. The two power wires for the motor (at
least #14 gauge) go from the control box to the transom. These additions and
modifications do not hamper the operation of the kayak with paddles.
Of course, the control box should be kept as dry as possible. An easy solution is to
cover it with a plastic bag approximately 1 ½ gallons in size, with drawstrings at
the bottom to secure it. A photo of the control box and the steering handle is
shown below with a more complete description in Chapter 7.

Control Box on a Pod and the Steering Handle
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Mini-Transom with Motor Power Terminals

The Mini-Transom

A transom is needed to mount the electric motor on the kayak. There is just
enough room for a custom built mini-transom 7 to 10 inches wide (depending on
the width of the kayak) to accommodate the motor clamps which require a minimum of 6 inches in width. To attach the transom to the boat, I used ¼ inch stainless steel threaded rods which do double duty by bringing the power to the motor
from the control box to the surface of the transom.
Chapter 7 provides all the details needed to build and mount the steering equipment, and the mini-transom. We will get back to the construction and the wiring
of the control box after we discuss the subject of Pulse Width Modulation which
comes next.
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