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Abstract 

 

University of Arizona’s Grand Canyon Team has created a prototype electric outboard motor 
designed to propel rafting tour boats down the Colorado River.  The Grand Canyon River 
Outfitter’s Association commissioned this project in hopes of “going green” and eliminating all 
fossil fuels from use by the year 2019.  Another place of suggested improvement was in the 
reduction of sound pollution.  The team was required to provide a max equivalent thrust of 30 
horsepower for 90 seconds, maintain a constant speed of four miles per hour without 
interruption, safely guide the raft around obstacles, and to interface flawless with the existing 
raft.  The final prototype created by the team was successfully tested at Saguaro Lake where a 
raft reached a speed of 6.2 miles per hour.  Sound decibels were also measured during the testing 
and were found to max out at 76 dB, a large improvement. As this first iteration was the start of a 
ten year project, it is suggested that the successor team focus their efforts on improving the self-
efficiency of the design. 
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1.0 Introduction 

1.1 The Sponsor 

The Grand Canyon River Outfitter’s Association (GCROA) has represented the sixteen 
companies which conduct guided raft tours of the Grand Canyon since the 1950s.  This 
association of rafting companies caters to about eighteen thousand passengers per year, 
making their environmental image are extremely important.  For this reason the GCROA 
has enlisted engineering teams from universities all over Arizona and Utah to create a 
non-fossil fuel motor system to power their rafts. 

Currently, each raft operates on a 30ph Honda Marine Outboard motor that burns roughly 
65 gallons of gas per journey.  The entire trip lasts eight days with the raft needing to 
travel about 30 miles per day.  Due to the isolation of the Colorado River within the 
canyon, every boat must be completely self sufficient as there is nowhere to stop for 
supplies or electricity while on the river.  As far as the scope of the project is concerned, 
we plan on having a life-sized working prototype ready for delivery come Senior Design 
Day in early May. 

1.2 Customer's Needs 

The customer gave the team several constraints for the alternative motorboat project.  
These are generally listed below in TABLE I.  The most important constraint is to 
minimize the production of fossil fuel emissions into the environment.  Ideally the 
customer wants no emissions at all; however the created prototype will be designed to use 
a bio-diesel generator to recharge the onboard batteries.  These eco-friendly emissions 
will fulfill the no fossil fuel constraint. 

Constraints and Design Parameters – TABLE I 
Constraint Design Parameter 

No/Low Emissions Use significantly less fossil fuels 
No Sound/Quieter Diesel generator is used seldom and concealed; 

Eliminate noisy fuel injection 
Self-Sufficient Diesel generator recharges batteries 

Trailer (Weight) Removable motor 
Environment Water-cooling system 
Replaceable Keep motor weight at/below 160 pounds 

Cost-Effective Create prototype with $2000 
Safety Usable/Safe for untrained patrons 

1.3 Previous Research 

Several years ago the GCROA tried to create their own electric set up using a store-
bought electric motor, car batteries, and a bio-diesel engine to recharge the batteries when 
necessary.  This trial run was considered successful, but not practical.  The teams decided 
to build and improve on this previously implemented concept.  GCROA provided the 
afore mentioned bio-diesel generator to the University of Arizona teams for testing 
purposes. 
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1.4 Mission Statement 

Our Mission Statement is as follows: 

“Teams 3515 and 3683 will radically improve the Grand Canyon River rafting 
experience, by designing a new silent, non-fossil fuel propulsion system with enough 
power and range to successfully replace the existing four stroke outboard engines. 

2.0 System Requirements 

2.1 Functional Requirements 

The major requirements of the project are listed below in TABLE II. These are 
specifications that must be met in order to allow the overall motor & raft to function 
successfully and safely.  Proof that the requirements were met can be seen in the Testing 
& Design Results section of the report. 

Functional Requirements – TABLE II 
Top Level Functional 

Requirement 
Customer 

Importance 
CTQ 

(metric) 
Target Value & Tolerance Requirement Met?

 
Propel raft down the river 

 

 
5 

 
Mph 

 
~8 MPH downstream in a 4 

MPH current 

 
Yes 

 
Control and guide the raft 

around obstacles 
 

 
5 

 
turning radius

 
Be able to avoid rocks/shore 

 
Yes 

 
Provide short term power 

 
5 

 
Hp 

~1.5 minutes of sustained high 
thrust equivalent  to ~30 hp 

 
Yes 

 
Interface with existing, 

unmodified raft 

 
4 

 
Sq. ft and lbs

Fit on existing motor mount 
and use existing fuel tank 

space.  Cannot exceed ~250 
lbs above current weight. 

 
Yes 
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3.0 Design Concepts & Analysis 

3.1 Unused Designs 

3.1.1 Option #1: Hybrid – Single Motor 

The original concept for this design was to have a hybrid motor similar to the ones found 
in hybrid cars such as the Toyota Prius.  This would prove to be the most complicated 
concept that the team came up with.  In order to work like the hybrid engines found in 
cars, the system would require complicated programming that would automatically 
switch on a diesel engine when the throttle was revved to a certain speed.  After taking a 
closer look at how complicated and technical a system such as this would be, the team 
decided to go a different route.  Another deterrent from this option was how large a single 
engine hybrid system would be, and that every single component or the current design 
would have to be removed and replace.  Since the raft guides were not anxious to learn a 
completely new system, and were not trained to fix such a complicated system the 
sponsor decided to steer the team in a different direction. 

 

 
 
3.1.2 Option #2: Triple Motor Design 

This concept featured a triple motor set up that would not only be easy for the rafting 
guide to learn, but would cut emissions by a huge amount.  As can be seen in the example 
picture below the original Honda Marine Outboard motor would be left in place, and two 
small electric motors would be attached to either side of the aft section of the raft.  In 
order to steer the system attachments would be made to the electric motors that would 
turn them in sync with the main Honda motor.  The two electric motors would run 
continuously at the low cruising speed more often used, and the Honda motor would be 
manually turn on by the guide about ten minutes before upcoming rapids, and then shut 
down shortly after.  This design was not implemented because it was turned down by our 
sponsor.  He is extremely experienced with the boats and believed that the small electric 

Single Hybrid Set-Up – Figure 1
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motors may cause problems due to the attachment configuration proposed.  The other 
problem would be that of having to carry enough batteries onboard to power the electric 
motors as well as carrying gasoline for the Honda motor. 

 

Triple Motor Concept – Figure 2 
 

3.1.3 Option #3: Pure Electric Motor 

The main implementation of this design is to completely remove the current Honda 
Marine Outboard gas motor and replace it with a fully electric equivalent. No motor was 
ever selected as the design never reached this phase. The primary drawback of this design 
was its feasibility. Current battery technology is in no way capable of servicing the entire 
300+ mile trip within the allowable weight limits. Another setback was foreseen in the 
cost of such a design. No direct replacement for the current 30hp gas marine motor is on 
the market. This would mean that heavy modifications would need to be made to any 
substitute, at great cost to the customer. The sponsor agreed that as this point in time 
using a fully battery powered system is not a prudent solution.  Perhaps in a few years 
when battery technology improves, and the type of batteries needed become more 
affordable GCROA can revisit this option. 

 

Electric Motor & Batter Source – Figure 3
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3.2 Weighted Analysis of Conceptual Designs 

A weighted analysis table was constructed in order to quantitatively weigh the merits of 
each design and assist in a final selection. Each design was scored on the major design 
criteria: noise reduction, emission reduction, safety, ease of use, non-intrusiveness, 
feasibility, and total cost of implementation.  As was expected, the gas electric 
conversion solution scored the highest. This further reinforces our design selection. 

 
Weighted Analysis of Conceptual Designs – TABLE III 

 
 

Energy Source

Low Weight 
High Density 
Safe 
Clean 

Throttle Control 
Forward/Reverse 
Source Switching 
Battery Management 

Thrust 
Steering 
Low Noise 

Batteries 
Other? 

Brushless DC Fully Custom 
Off-the-Shelf 

Power 
Management 

Circuitry 

Electric 
Motor 

Energy 
Storage 

Functional Overview of Pure Electric Concept – Figure 4 
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Quality Functional Deployment Design Matrix for Chosen Design – Figure 5 
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3.3 Contradictions & TRIZ 

During the design problems we ran into a couple design contractions.  TRIZ was used to 
help with finding solutions to these problems. 

3.3.1 Contradiction #1:  Power VS Weight 

• The design parameter of having enough batteries onboard to complete the trip 
through the canyon conflicted with the functional requirement of being able to 
properly float/navigate the raft down the river. 

• This was entered into TRIZ as “Power” improves while “the weight of a moving 
object” gets worse. 

• The given solution used was that of using porous materials in order to reduce 
weight. 

3.3.2 Contradiction #2:  Temperature VS Reliability 

• For the final design, the complete top of the Honda unit is being removed.  Once 
the new electric motor is attached, it will be completely exposed to the elements.  
While this does allow for a cheap and easy cooling method, the reliability of the 
system drops due to the likelihood of water getting in the assembly. 

• This was entered into TRIZ as “Temperature” improves while “Reliability” 
worsens. 

• The given solution used was that of Local Quality.  One must make each part of 
an object function in conditions suitable for its operation.  In this fashion, the 
decision was made to recover the electric motor after attaching in onto the lower 
unit drive shaft. 

 
4.0 Final Design  

4.1 Mechanical Design 

Once a final concept was selected many design decisions had to be made in order to insure 
that the final constructed model would be able to meet all the functional requirements. The 
design methodology used to achieve this goal was to start with the most mechanically 
critical aspects of the design and work outward. The following sections outline each of the 
major components and how they were selected/designed to meet the functional 
requirements while still maintaining a safety factor that will insure a usable design. 
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4.1.1 Drive type selection 

Once the decision to implement a gear increase system was made, research of possible 
drive design types were conducted. Three promising drive types were initially considered: 
synchronous belt drive, sheave belt drive, and chain drive. The following is a brief 
description of each system and discussion of 
factors that went into the final selection. 

4.1.1.1 Synchronous Drive 

Synchronous drive systems utilize two metal 
hubs centered at each drive shaft placed on a 
common plane. These hubs support a toothed 
belt that transfers torque from the drive shaft 
to the driven shaft. Benefits of a synchronous 
drive system include: Constant speed (free 
from slip), High strength capability, 
simplified tensioning requirements, possibility of variation, no lubrication required, 
and compactness. Drawbacks of synchronous drive systems include: higher weight, 
possible failure modes, the high precision of alignment required, noise, modifications 
required for vertical setup. 

Based on required gear ratio and safety factor, multiple possible synchronous belt 
designs were found using the TB Woods drive selection software. A few selected 
designs are presented below (Figures 7, 8, and 9) 

 

TB Woods Synchronous Drive – Figure 6 
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Synchronous Drive Design 1 (S.F. 1.7 C.D. 8.61 in) – Figure 7 
 

Synchronous Drive Design 2 (S.F. 1.52 C.D. 9.1 in) – Figure 8 
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Synchronous Drive Design 3 (S.F. 1.39 C.D. 9.2 in) – Figure 9 
 

While a synchronous drive system could have been used, three main factors led to it 
not being chosen in the final design: 

 
Noise: Due to the toothed belt design used in synchronous systems they are orders of 
magnitude louder (~ 85dBA) than alternatives such as V-belts. One of the main 
requests of the GCROA was that the alternative propulsion system be quite. In order to 
meet noise constraints with a synchronous drive, additional insulation would have had 
to be designed and purchased. 

 
Vertical vs. Horizontal belts orientation: Synchronous drive systems are primarily 
used in designs that call for a horizontal positioning to the drive and driven shaft. For 
this reason, using them in a vertically mounted orientation would require additional 
hardware and support in order to insure that they are not repositioned by gravity. This 
requirement introduced further cost and design that was avoidable with other systems. 

 
Safety risks in event of prop shaft seizure: One of the benefits of the synchronous 
drive design proved to also be a drawback. Due to the toothed belts design, 
synchronous systems (as the name implies) have no slip. This is beneficial during 
periods of acceleration and high torque but could prove catastrophic if, for whatever 
reason, the prop shaft were to become stuck. If this were to happen the motor would 
continue to provide torque to the prop shaft and could potentially damage either the 
synchronous hubs or the prop shaft itself. Since this design is going to be used near 
people and in high stress environments it is really not acceptable for a single point 
failure such as this to be knowingly left in the design. 
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4.1.1.2 V-Belt Design 

V-belt drives are frequently used in large pump 
systems to transfer torque from electric motors to 
impellers. Naturally, they were considered for this 
application. V-belt hardware differs from synchronous 
in that they use smaller (frequently multiple) none 
toothed belts. They also use a sheave hub instead of the 
cylindrical synchronous drive hub. Operationally, the 
main differences between v-belts and synchronous 
drive systems are the noise (mush lower for v-belts), slip, and their use of multiple 
belts. 

The T B Woods software was again used to develop possible V-belt designs (Figures 
11, 12, and 13). It was found through additional research that a safety factor of 1.25 is 
typically used in pump application (Hartley). Due to the safety requirement of the 
alternative propulsion system on-board the white water rafts the required safety factor 
was increased to 1.35. 

 

 
V-Belt Drive Design 3 (S.F. 1.35 C.D. 8.09 in) – Figure 11 

 

TB Woods V-belt Drive – Figure 10



Final Design Report  Team 3515 & 3683 
Alternative Motorboat Propulsion  

18 
 

V-Belt Drive Design 3 (S.F. 1.36 C.D. 8.66 in) – Figure 12 
 

V-Belt Drive Design 3 (S.F. 1.47 C.D. 8.29 in) – Figure 13 
 

As can be seen from the above figures, for the same performance V-belts systems are 
typically less expensive and slightly lighter. With the limited budget provided to us 
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and the desire to keep the total system weight minimal both of these factors play a role 
v-belts making their way into the final design. 

 
4.1.1.3 Chain Drives 

Chain drive systems use the same principles 
at synchronous and V-belts systems with 
slight differences in hardware. Chain systems 
use a metal chain composed of a set number 
of links which define the total length of the 
chain loop. These links intermesh with the 
sprocket teeth in the same way that 
synchronous belts interlock with the two hubs. As 
a result, chain drive systems have the same safety risk that synchronous drives do in 
that they chain will continue to provide high torque the system in the even of one of 
the shafts becoming locked. Another similarity of the synchronous and chain drive 
systems is the noise level. The interlocking metal chain and sprocket interface can be 
quite noisy. Finally, the chain drive systems suffers from yet another drawback in that 
it required more maintenance then the other two designs considered. Due the metal the 
metal contact, links must be lubricated regularly. While this maintenance is not overly 
complicated, it does introduce more unnecessary work to the system. 

No design tool, such as the TB Woods drive selection software, was found to chain 
drive systems. However, this was not required because after further analysis of the 
three possible designs (see next section) chain drive was determined to not be the best 
solution for the alternative motorboat propulsion system. 

4.1.1.4 Weighted Selection 

Finally, the three designs were compared to each other using a weighted table. 
Systems were scored on the factors that were deemed to be most important to the final 
design, including: Noise, Component weight, overall safety, variability, off the shelf 
functionality, required maintenance, and system price.  As can be seen from TABLE IV 
the system that performed the highest was the V-belt. This result was the final tool 
used to make the selection of a V-belt system for the final design. 

 

Chain Drive – Figure 14 
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4.1.2 Shaft Sizing 

The prop shaft used on the supplied Honda Marine lower unit extends beyond the motor 
housing approximately 1.75 inches and has a nominal splined diameter of 7/8 inches. Due 
to the minimal extension from the lower unit housing it was required that and additional 
connecting shaft be designed in order to accepted the belt drive system and transfer 
torque to the original prop shaft. The design of this shaft was conducted using distortion 
energy failure theory (Budynas).  

From figure X4, which details the hardware and loads of the final V-belts design, it can 
be seen that maximum hub loads of 378 lb are predicted operating at 20hp. At a known 
RPM horsepower can be converted to torque: 

RPM
HPTorque *5252

=  (1) 

Solving for torque at the knows values of 20HP and 6000RPM yields 17.51 lbs-ft or 
210.08 lbs-in. This value will be equivalent to the constant torque that the shaft will see 
in high thrust situations. A moment diagram of the bearing supported shaft yields an 
alternating moment of ~400 lbs-in. Because the shaft will only be operating in rotation, 
the alternating torques and midrange moments acting on it will sum to zero (Budynas). 
Therefore, only the alternating moment and midrange torque stresses need be calculated. 
These values were found using the bending and torsion equations for cylindrical shafts. 

3

32
d
M a

a π
σ =      3

32
d
M m

m π
σ =   (2, 3) 

 

Weighted Design Comparison
Synchronous V-Belt Chain

Fa
ct

or
s 

an
d 

w
ei

gh
ts

Noise 4 8 3
Importance: 9 9 9

Weight 5 8 4
Importance: 4 4 4

Safety 6 8 6
Importance: 10 10 10

Variability 7 8 7
Importance: 9 9 9

Off the shelf 7 9 9
Importance: 8 8 8

9 9 7
Importance: 10 10 10

Price 5 7 8
Importance: 8 8 8

Total Score: 61.9 80.3 63.1

Required Maintenance

Weighted Analysis of Drive Systems – TABLE IV
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3

16
d
Ta

a π
τ =         3

16
d
Ta

a π
τ =   (4, 5) 

 
Using these equations τm and σa where found to be 5.34kpsi and 20.33 kpsi respectively. 
Combining these stressed in accordance with the distortion energy failure theory allows 
for calculation of the Von Mises stresses on the rotating shaft. 

 
22' 3 aaa τσσ +=   (6) 

 
22' 3 mmm τσσ +=   (7) 

 
From these equations σ'a  and σ'm were found to be 20.33 kpsi and 9.24 kpsi respectively.  

 
Safety factor of the shaft and known stresses can also be calculated 

 

nSS ut

m

e

a 1
=+

σσ
  (8) 

 
Substituting in equations (6 and 7 into 8) and solving for diameter yields: 
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⎟
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⎜
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⎝

⎛

⎭
⎬
⎫

⎩
⎨
⎧

+++= mm
ut

aa
e

TM
S

TM
S

nd
π   (9) 

  
From here it was determined that using readily available steel (ASTM A681) with a 
safety factor of 2 in place the required diameter was .59inches. This diameter was for an 
un-keyed shaft which would not allow for attachment of the drive sheaves. It is standard 
practice to add 10% to the shaft diameter in order to compensate for the loss of strength 
resulting from cutting a keyway. A 10% increase in diameter results in a required 
diameter of .6437inches. Because this is a nonstandard size the final driven shaft 
diameter was made .75inches. This additional increase in diameter allows for off the shelf 
sheaves to be used and increases the safety factor of the shaft to 4.21.  (see example 
calculations in TABLE V). 
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4.1.3 Key Sizing 

 
In the previous section the required shaft diameter was increased by 10% to allow for a 
key to be inserted. In this section the procedure used to calculate the required key length 
will be presented. 

 
Based on the known max torque of 210 lbs-in calculated above the shear force seen by 
the key can be calculated: F = T/r = 210/(.75/2) = 560.22 lbs. By the distortion-energy 
theory the shear strength can be calculated from the yield strength as Ssy = .577*Sy = 
.577*50 = 28.85 kpsi. The key width required for the sheaves specified in figure X4 at 
3/16 inch. Combing the shear force equation from above and the known shear strength 
along with a specified safety factor allows for the calculating of key length. 

 

sywS
Fnl =   (10) 

 
Where w is the key width and n is the required safety factor. 

 
Using this equation along with a safety factor of 2 yields a required key length of .24 
inches. This length would be inconvenient both to machine and assembly, so a more 
manageable key length of 1.25 inches was selected. However, the above calculations 
prove that the used key length will far exceed the required length. 

 
The same method of sizing the drive key length was used and a required length of .33 
inches was found. Again, a larger key was chosen for the final design. (see sample 
calculations in TABLE VI) 

 

Horsepower 20
RPM 6000

Torque 17.51 Ft-lb
210.08 In-lb

Minimum Required Shaft Diameter 0.59 in  Plus 10% = 0.6437 in
Final Safety Factor N =  4.21

Inputs Calculations Input Final
Alt Moment 400 Min Diameter 0.59 in 0.75 in

Midrange Toque 210 Alt Stress (moment) 20.33 9.66
Alt Torque 0 Midrange stress (Torque) 5.34 2.54

Midrange Moment 0 Alt Stress (Torque) 0 0
Ultimate Strength 99 Midrange Stress (Moment) 0 0

Yield Strength 50 Von Mises Alt Stress 20.33 9.66
S.F. 2 - Von Mises Midrange Stress 9.24 4.39

1 -
1 -

This sheet uses distortion energy theory to 
calculate the minimum required diameter for 
a shaft to transmit a known power under 
known moment loads. Assuming rotation to 
be uniform the alternating torque and 
midrange moments can be neglected. 
(Shigley “Mechanical Engineering Design”)

lbf-in
lbf-in kpsi kpsi
lbf-in kpsi kpsi
lbf-in kpsi kpsi
kpsi kpsi kpsi
kpsi kpsi kpsi

kpsi kpsi
Kf
Kfs

Example of Shaft Sizing Calculation from Excel Sheet – TABLE V 
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4.1.4 Bearing Selection 
 

Supporting bearings were required both above and below the drive shaft sheave in order 
to reduce the applied force on the lower unit prop shaft. This decision was made on the 
basis that the previous internal combustion engine mounted in line with the prop shaft 
while the new drive shaft would see lateral forces from the belts. As the prop shaft has 
only a nominal diameter of .675 in, and a vertical length of over 2 ft, it would be heavily 
affected by lateral moment loads if unrestrained. Because, during maximum throttle 
maneuvers, the drive shaft will see speeds of 6000rpm and lateral forces of nearly 400 lbs 
heavy duty bearings (McMaster Carr 8260K11)  where used. 

 
4.1.5 Bracket Validation 

 
During operation, the structural components that will see the most strain are the vertical 
motor supports. This is because they will be responsible for both supporting the weight of 
the motor, controller, and other brackets but they will also have to counter the motor 
torque and the belts tension. All of these factors will combine to produce complex forces 
on the assembly. For this reason a stress analysis on the vertical motor brackets was 
conducted in order to insure that a satisfactory safety factor will be met. TABLE VII shows 
a summary of the forces that were applied to the bracket. 

 
 

 
 
 
 

Minimum Required Key Length = 0.33 in

INPUTS CALCULATIONS
Speed 3750 rpm Torque 336.13 lbf*in
Power 20 hp Radius 0.44 in

Diameter 0.88 in Force 763.94 lbf
Yield Strength 50 kpsi Ssy 28.85 kpsi

Key Width 0.19 in Shear Length 0.28 in
S.F. 2 - Crush Length 0.33 in

This sheet uses the distortion-energy theory to calculated the minimum 
allowable key length required to transmit a known horsepower through a 
shaft of known diameter. It assumes the the key width (square) is 
known, as is the case for manufactured bushings. It also allows for a 
used inputed safety factor. (Based on Shigley “Mechanical Engineering 
Design”)

Example of Key Length Calculation from Excel Sheet – TABLE VI 

Source Force (lb) Direction
Motor and Attachments Weigth ~ 50 Downward – applied to top face

Motor Torque ~ 5 Equally against slotted bolt holes
Belt Tension ~100 Distributed among bolt holes

Applied Forces to Motor Bracket – TABLE VII
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In constructing this list of forces, all calculated values were rounded up and maximum 
allowable tension values were used. This resulted in an underestimate for the actual 
safety factor of the bracket but will serve as a good validation of strength. Figure 15 
shows the stress distribution and exaggerated deflection of the bracket under the applied 
loads. 

 
 

Using the above forces and COMSOXpress finite element analysis tool a safety factor of 
4.7 was calculated under maximum stress condition. This safety factor far exceeds the 
belt safety factor of 1.35 meaning that in the event of over stressing the belt would fail 
before the bracket. This is the desired result because a belt failure would only result in a 
loss of power where a bracket failure would be catastrophic. 

 
 

COSMOXpress Deflection Plots of Motor Bracket– Figure 15 
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4.1.6 Bolt Failure Analysis 
 

One area of concern regarding mechanical failure was the over stressing of bolted fasteners in 
the coupling of the electric motor and lower unit shafts.  To verify the safety of this design a 
stress analysis on the coupling bolts was conducted. An excel sheet which took inputs of 
operating horsepower, rpm, bolt diameter, bolt number, coupling diameter, and plate thickness 
was constructed. Using these inputs, applied forces to the bolts were found and converted to 
shear and tensile stresses. Comparing these stresses to known strengths of the bolt material 
gave safety factors of the design. It was determined that due to the small applied torque of the 
electric motor there was no justifiable fear of bolt failure. With this in mind, decisions such as 
bolt size, number and placement were made based on ease of construction and use. This final 
design was again tested using the written excel sheet and a minimum safety factor of 109 was 
calculated. This far exceeds any required safety factor and therefore will be implemented in 
the final design. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2 Electrical Design 

Unlike the mechanical design the electrical design of the Alternative Motorboat Propulsion 
System was selected from Commercial off the Shelf parts (COTS) which were design by their 
individual manufacturers. All decisions as to the selection of the COTS parts were decided based 
upon the individual manufactures provided datasheets. Other deciding factors to the selection of 
the COTS parts were their availability and cost. This action was to ensure fast delivery of parts to 
meet schedule, and reduce budget. 

 
 
 

Example of Bolt Failure Analysis from Excel Sheet – TABLE VIII 
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5.0 System Build 
 

5.1 Mechanical System Build 
Figures 16 and 17 show views of the final mechanical assembly. 

 
 

Isometric View of Mechanical Assembly (transparent section represents lower 
unit attachment) – Figure 16 
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Mechanical Assembly with Left Motor Bracket removed (transparent section 
represents lower unit attachment) – Figure 17 
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5.1.1 Construction 

With the exception of the sheaves, belts, bearings, and hardware all the components listed 
in TABLE VII were custom machined in the AME machine shop by the members of the 
team using aluminum purchased from McMaster-Carr (MM in above table). Pictures of 
these components can be seen in Appendix A. 

Mechanical and Electrical Parts List – TABLE IX 

Part Supplier Part # Price qt. Total
Drive Sheave TB Woods 3V603 66 1 66

Driven Sheave TB Woods 3V3653 42.24 1 42.24
Drive Bearing TB Woods SDS15/16 17.3 1 17.3

Driven Bearing TB Woods SH34 14.9 1 14.9
Drive Belts TB Woods 3VX315 63.24 1 63.24

Rigid Coupler MM 3084K33 32.59 1 32.59
Chevron Bearing MM 8260K11 42.88 2 85.76
Motor Brackets MM 88875K781 29.19 1 29.19
Bearing Mount MM 6546K291 25.77 1 25.77
Mounting Plate MM 8975K182 55.2 1 55.2

Motor/bearing Plate MM 8975K445 15.32 1 15.32
Drive Shaft MM 8893K881 10.19 1 10.19

Tensioner Brackets Scrap n/a 0 2 0
Speed Controller Mounts Scrap n/a 0 2 0
Speed Controller Shelf Scrap n/a 0 2 0

Contactor Bracket Scrap n/a 0 1 0
Angle Iron HD n/a 14 5 70

Lumber HD n/a n/a ~10 20
Threaded Rod HD n/a 3 4 12

Hardware Local n/a 20 ~30 20
Keys Local n/a 0 3 0

Mars Electric Motor EV Drives ME0709 500 1 500
Alltrax Motor Controller EV Drives AXE7234 470 1 470

Contactor EV Drives JCA-200D 40 1 40
Everstart Marine Maxx Battery Walmart Maxx120AH 80 6 480

DragonFly HCS12 Microcontroller EVBplus DF12-DIP40-R32 34 2 68
Contactor Drive Relay Mouser 769-ST1-DC5V-F 11.91 1 11.91
Throttle Potentiometer Mouser 858-6187R50K 17.81 1 17.81

Analog to Digital Converter Mouser ADC0801 4.57 4 18.28
Temperature Sensor NS LM35DT 4.37 2 8.74

Voltage Regulator NS LM2940-5.0 1.93 6 11.58
PCB ExpressPCB Standard 20.93 4 83.72

Battery Connector AutoZone LCS8622 3.29 12 39.48
Fuel Pump AutoZone n/a 44.99 1 44.99

Wire EES n/a 85 1 85
Switches, LEDs, Displays EES n/a 92.5 1 92.5

Connectors and Fuses EES n/a 53.72 1 53.72
Project Boxes EES n/a 18.15 4 72.6

Copper Tubing, Connectors AH n/a 67.83 1 67.83
Misc. Construction Materials AH n/a 85.32 1 85.32

Misc. Electrical Parts ECE n/a 23 1 23

Total: 2854.18

Drive System Design Parts List
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5.1.2 Debugging 

 Once the construction was completed, the brackets & pulleys were successfully 
assembled in the Honda housing.  All the brackets fit together without any problems.  The 
belts were placed on the pulleys and tightened using the constructed tensioner.  When the 
electric motor shaft was spun, the pulleys worked correctly in that they spun the belts, 
which in turn spun the propeller shaft.  Plates to hold the Motor Controller and 
Microcontroller were added to the bracket assembly later.  These plates were carefully 
bolted on as to not interfere with the pulley system.  A quick test spin of the motor after 
the assembly of the plate was performed to make sure there were no interior collisions. 

 
5.2 Electrical System Build 

5.2.1 Overview 

For building purposes, the electrical components were broken into two separate high-
level systems: 

5.2.1.1 Overview of High Power System 

The “high power system,” consisting of the electric motor, motor controller, batteries, 
and generator. 

5.2.1.2 Overview of Monitoring System 

 The “monitoring and support system,” comprised of the two temperature sensors, two 
electrical current sensors, two microcontrollers, and display panel. 

The only interconnects between these two separate builds is the shut-off relay, 
responsible for disconnecting the motor controller and motor from the batteries in the 
case of a fault being detected by one or more of the sensors, and the control lines 
connecting the microcontroller to the generator’s built-in circuitry, responsible for 
sending signals to start and stop the generator.  The high power system was 
constructed in the AME machine shop, where access to larger tools and more room 
was available.  The monitoring and support system was built in the ECE 498 
laboratory, where many common and smaller parts, as well as testing equipment, were 
provided. 

5.2.2 Construction: Monitoring and Support System 

5.2.2.1 Monitoring: Temperature, Current, and Voltage Sensors 

5.2.2.1.1 Analog to Digital Converter Boxes 

Four ADC0804 Analog to Digital converters (ADC), along with support 
components (resistors, power regulator, capacitors, etc.), were mounted and 
soldered to four double-sided printed circuit boards designed by our team and 
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manufactured by ExpressPCB.  The schematic and circuit layout are shown in 
Appendices [EDIT_A1] and [EDIT_A2], respectively.  Each board has had a 
sensor attached to it (motor temperature sensor, battery temperature sensor, 
battery current sensor, motor current sensor).  Each sensor has three wires 
connected to it:  Power, ground, and data.  The three wires were braided together 
to minimize electrical noise and provide a clean harness.  All exposed solder 
joints were covered with heat shrink tubing.  Each ADC board was sealed into an 
individual project box with silicon caulking for weatherproofing.  Two RJ-45 
jacks on each box provide a connection to the outside world.  Color-coded for 
easy identification, the green jack hooks up to the parallel data lines that carry the 
digital sensor output to the daughter card, and the black jack hooks up to the 
addressing line from the daughter card as well as the 12 V power supply.  Cat-5e 
cabling is used for these interconnects - bundled together to form an easy to 
handle harness and fitted with color-coded boots that correspond to the green and 
black jacks on the ADC boxes. 

 
Top of ADC card for reading in analog sensor data and outputting digital data to the 

daughter card. Figure 18 
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Underside of ADC card. – Figure 19 

 
5.2.2.1.2 Control and Decision Making: Microcontrollers 

Two DragonFly HCS12 microcontrollers are used in the monitoring and 
controlling of the system.  One, the daughter card, requests and reads in data from 
the four analog to digital converters that are hooked up to the four sensors and 
sends the data over serial to the mother card.  Two, the mother card, receives 
sensor data over serial from the daughter card, checks to insure it is within safe 
operating bounds (if not, appropriate action is taking such as shutting off the 
motor), and outputs the data on a display panel.  Each microcontroller was 
soldered onto an individual prototyping circuit board, along with all support 
circuitry such as a voltage regulator.  The daughter card was mounted in a project 
box that was sealed with silicon and has eight color-coded and numbered RJ-45 
jacks (for the data and address/power lines to each of the four ADC boxes) and 
one RJ-11 jack (for serial data connection to the mother card).  The mother card 
was sealed into a project box, with one RJ-11 jack for the serial link to the 
daughter card, and appropriate connections to the display panel, shut-off relay, 
key switch, motor starter switch, generator override switch, and manual system 
override switch.  The schematics for both the mother card and daughter card can 
be seen in Appendix [EDIT_A3]. 

5.2.2.1.3 Microcontroller Programming 

The programming of both microcontrollers was written in C using the 
CodeWarrior IDE.  A simplified overview of the code is shown in the flow chart 
below, in figure 20. 
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General flow chart of software logic (simplified). – Figure 20 
 

5.3.3 Construction: High Power System 

5.3.3.1 Propulsion Subsystem: Motor and Controller 

The Mars Electric ME0709 motor was connected to the Alltrax AXE7234 controller 
according to the wiring diagram provided by Alltrax (see Appendix [EDIT_A5]).  
The only difference is that our design has no foot pedal.  All high-current wires are 4 
AWG (stranded), and all low-current wires are 18 AWG (stranded). For connecting 
wires to the controller, motor, fuses, and contactor, connectors were brazed onto the 
wires and then bolted to the appropriate terminals.  All exposed joints were encased 
in either heat shrink tubing or RTV silicon.  A precision potentiometer (6187R50K) 
was connected to the existing throttle cable on the Honda outboard to provide throttle 
position sensing for the motor controller.  The existing throttle cable rotates the 
potentiometer shaft, providing a varying resistance.  It was calibrated using a DMM 
to provide a slightly larger than 5 KΩ swing over the full throttle range (0 Ω 
corresponds to no thrust, 5 kΩ is full thrust).  This was a requirement set by the motor 
controller.  The mother card from the control system also reads in the throttle position 
from this potentiometer, in order to help determine when the generator should be 
turned on. 

 

Mars Electric ME0709 brushed DC permanent magnet motor on the left connected to 
the Alltrax 7234 controller in the middle.  The contactor, relay, and fuses are at the 

right. – Figure 21 
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5.3.3.2 Energy Storage Subsystem: Batteries 

A battery box was built to contain the six EverStart Maxx marine, flooded lead acid, 
12 V, 120 AH batteries used for prototyping (with room to hold twelve).  It was 
constructed out of a steel frame (welded joints) and has a floors made from MDF (in 
case the lead acid batteries spill/leak).  Two cables are attached to the battery box to 
allow a lift/hoist to move the entire container.  The six batteries were connected in 
series, providing 72 VDC output.  Fully bolt-on connectors and 4AWG wire were 
utilized for interconnects. 

 
Six 12 V lead acid batteries in battery box made to hold up to twelve.  The batteries are 

connected in series to provide 72 V. – Figure 22 
 

5.3.3.3 Energy Regeneration Subsystem: Generator 

A Fischer Panda AGTPM6 diesel, low-noise, 24 VDC marine generator designed for 
use aboard sailboats is responsible for recharging the batteries.  It was donated by our 
sponsor for use in the prototype.  Since our system runs at 72 VDC, some minor 
modifications had to be made to the generator in order for it to function.  Through 
measurement it was found that the voltage output by the generator is a function of 
throttle position.  By manually setting the throttle system - bypassing the existing 
electronic controller on the generator – an output voltage of 80 – 85 VDC was 
obtained.  The high-voltage electrical components within the Fischer Panda (namely 
the rectifier – responsible for converting the three-phase, 120 VAC (max) output from 
the generator to the DC output the batteries require) were checked to insure they could 
handle the higher voltages – all of which could. 
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Fischer Panda diesel generator with sound-insulating cover removed. – Figure 23 

 
To get the generator to quickly and reliably start, two more small modifications had 
to be made.  First, an electric fuel pump was added to purge the lines.  Second, the 
circuitry responsible for automatically controlling the choke had to be bypassed, as it 
had been previously damaged at some point – evident by two blown transistors.  If 
this circuit is repaired, the bypass will no longer be needed. 

5.3.3.4 Cooling: Air and Water Cooling 

The motor controller and motor both generate heat.  The Alltrax controller is designed 
to be mounted to a large metal plate to dissipate heat.  But, at the same time the 
controller needs to be positioned as closely to the motor as possible, in our outboard, 
where there are very few surfaces large enough to adequately dissipate the heat.  To 
remedy this, water-cooling was employed.  Using the existing Honda Marine 
outboard’s water pump, cool river water (45 – 50 °F) is circulated up to the mounting 
plate of the Alltrax.  The mounting plate is made of aluminum and has channels carved 
into it through which the water can snake its way around (similar to a CPU cooler you 
find in water-cooled computers).  The heat is transferred from the controller into the 
water. 

The majority of the heat from an electric motor is produced in the coils.  Being a 
permanent magnet brushed DC motor, the Mars Electric’s coils are located on the 
rotor, in the center of the motor.  It is therefore mainly cooled by a fan the pushes air 
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in from the back of the motor and out the front.  During bench testing though, we did 
find that the outer casing of the motor would heat up.  To reduce this, copper tubing 
through which cool river water flows through was wrapped around and soldered onto 
the outer shell. 

The entire water-cooling system works as follows:  

1.  The 45 – 50 °F river water is picked up by the existing water pump in the 
Honda’s lower-unit. 

2.  Water is sent from the pump across the cooling block mounted to the Alltrax 
motor controller. 

3.  Water exits the cooling block and flows through the copper tubing around the 
electric motor. 

4.  Water leaves the copper tubing and is dumped back into the river. 

5.3.4 Debugging 

5.3.4.1 Monitoring and Support System 

During on-water testing, the voltage regulator for the mother card was damaged.  It is 
believed that the damage was caused by accidentally reversing the polarity of the 
power supplied to the mother card.  This failure caused the entire monitoring and 
support system to not operate.  Since the mother card also controls the closing of the 
contactor to enable power to drive the motor, the entire electrical system could not 
run.  To remedy this, a reverse protection diode and fuse have been built into the 
power system feeding the mother card.  As well, a simple mechanical manual 
override switch has been implemented, allowing the high power system to run 
without the need for the monitoring and support system, in the event something else 
fails.  While it is not recommended to run in the manual override mode, it can be 
useful when in a jam 

5.3.4.2 High Power System 

The majority of the debugging of the high power system occurred when determining 
how to get the generator running while connected to our system, as described in the 
high power system construction section.  During water testing, it was discovered that 
the generator was grounding the whole system to the metal boat frame.  This means if 
someone touched a 72 V line while on the boat, they would receive a nasty shock.  
The fix to this is to electrically isolate the generator’s metal exterior from the hull.  
By using rubber grommets, both electrical isolation and vibration isolation can be 
achieved – reducing the noise produced by the generator. 

We did have an accident when working with the batteries.  Two team members were 
working on connecting the lead acid batteries in series when their metal tools came in 
contact, creating a short across one of the 12 V batteries.  No significant damage or 
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injuries resulted, but it was a reminder of the amount of energy being dealt with.  To 
minimize the possibly of a similar event occurring, all battery terminals were coated 
with a spray-on electrical tape after they had been connected.  As well, the batteries 
have an MDF panel placed over them when not being worked on.  

6.0 Testing and Design Results 

The unit and subsystem integration and testing portion of the project was ongoing throughout the 
year.  For example, after each PCB board was constructed, we used a voltmeter to ensure the 
correct voltage is found across the soldered connections.   

6.1 Electrical Testing 

As for other electrical testing, we calibrated and tested temperature sensors by putting them 
in things of known temperatures (like boiling and freezing water), and also tested and 
confirmed that data is being accurately transmitted from one microcontroller, which is 
responsible for reading in sensor data, to another microcontroller that displays the data to the 
boat operator. Since a lot of the electrical components were wired, if not constructed, by team 
members, we had to physically test with a multi-meter that no unwanted shorts can occur 
between batteries, as this could potentially trigger an explosion or serious electrical shock.  
We also factored in fool-proof tests, such as ensuring that plugging in the battery wires to the 
motor controller backwards will cause no damage or safety threat and ensuring that disabling 
power to the microcontroller automatically and reliably disconnects power to the motor and 
controller. Further microcontroller testing included testing the accuracy and simultaneously 
calibrating the electrical current sensors by running a known amount of current through 
them.  We were also able to test the safety systems by purposely causing a failure.  For 
example, make the motor temperature sensor think it is overheating; when that happens, the 
microcontroller should automatically turn the motor off.  

6.2 Mechanical Testing 

The mechanical portion of the design testing began with every part undergoing fit and 
functionality tests.  This was especially true for the gear reduction assembly and team 
machined components to ensure it all properly fit together and will adequately perform.  The 
gear reduction was tested according to initial fit, then by providing power to the motor and 
ensuring the propeller spins at correct rpm.  We also had to ensure the tensioner worked 
appropriately, by tightening it to the correct tension then running the motor and making sure 
the sheaves stayed at the correct distance apart.  Some of these components were modified 
after each initial test, such as slots in the mounting plates, or the key in the shaft.  Since the 
system relied heavily on the electrical components for safety and power, the mechanical 
portion was mostly just mounting, support, and the gear reduction.  From there, we 
assembled electric motor, controller, battery, and the connectors, and then provide power to 
the motor to ensure nothing that far is defective.  
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6.3 Burn In Testing 

The components underwent a “burn in” test to slowly break in the system to ensure later 
functionality and correct logic.  The system was ran for 1-2 hours at least 5 times over the 
course of two weeks for various other tests, such as determining the amount of time the 
motor can run on 1/3 throttle solely on batteries, or how long the generator can run on a 
single gallon of diesel.  Also, how quickly the generator can recharge the batteries from 30% 
to 80% charge.   

6.4 Customer Demonstration and Testing 

The final acceptance test occurred at Saguaro Lake on April 18, 2009, where we met up with 
the sponsor and a sample pontoon boat.  After over an hour of assembly (which consisted of 
inflating the tubes for the pontoon, and loading the boat with our supplies, and safety and 
backup equipment, then setting up and connecting our system), and some initial 
troubleshooting, we were out on the open waters running on our system.  We tested steering, 
maneuverability, top speed, current draw, decibel levels, system reliability and longevity.  
We were able to collect some speed vs. current draw using a handheld GPS device and a 
Fluke high current meter, and we simultaneously collected decibel reading using an iPhone 
configured with an application called SonicScan to record dBa data.  See data plots below.  
While the Speed vs. Power Consumed plot should be an accurate representation of our 
system, the decibel readings were riddled with errors.  The water running along the boat was 
fairly loud, as well as wind, not to mention minimal conversation that the cellular phone 
microphone may have picked up.  Regardless, we kept the data on the principal that it will 
give us a general picture of our system’s performance.  

6.4.1 Failures 

Some minor issues we encountered consisted of belts slipping, the drive shaft rubbing on 
a plastic seal and overheating leading to smoke, a blown fuse, a malfunctioning power 
regulator leading to loss of power in the control box, disconnected wires, and a common 
grounding issue with the generator, which caused the system to be at 72V potential that 
would shock anyone that touched a live component.  We were able to get back to shore 
and fix each problem as they became apparent.  We did notice a fair amount of vibration 
and resonance throughout our testing, though most came from the actual boat itself.  
Some of it was likely due to our choice of joining two rigid shafts with a rigid coupling, 
allowing error for misalignment and imbalance which would become greatly magnified at 
high motor speeds.  Another possibility is the need for another ball bearing on the 
propeller side of the coupling to discourage further torque. However a thorough isolation 
of the imbalance and vibration analysis led us to an unbalanced sheave.  Correctly 
balancing this should effectively discourage further vibration, or at least greatly eliminate 
it.  So, aside from the unintentional security system and other minor issues, the day was a 
complete success as we did not have to fall back on the backup gas motor.    
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Speed VS Sound – Figure 25 
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7.0 Conclusion 

When presented with the requirements to design alternative propulsion for rafts on the Grand 
Canyon to be independent from the use of fossil fuel while being quieter than the existing system 
and operating similarly to the existing system, many challenges were faced.  Through research 
and creative problem solving, it was decided that the best route to pursue was an electric motor 
with a battery bank and some sort of regenerative power supply.  We implemented this using a 
Mars Electric ME0709 motor, six 12-volt lead-acid marine batteries wired in series, and a 
biodiesel generator.  A micro-controller, contact switch, and other systems were put in place for 
safety and reliability. The top level functional requirements were met by our design.  However, 
this is only a preliminary proof of concept design.  With a larger budget and more time for 
development, a much more compact design could be created through the use of advanced lithium 
batteries.  A larger electric motor to provide more power for the customer could also be 
implemented.  The packaging of the necessary electronics could be streamlined and made 
smaller.  In addition, an engine cover that provided air flow and sound deadening could also be 
created.  These suggestions are far from inclusive, and the next generation of design will have 
its own possible improvements. 

At design day on May 5th 2009 the University of Arizona Grand Canyon Senior Design Team 
will give a final presentation and demonstration of the fully functional final design. This 
presentation will be given to multiple judging teams as well as the GCROA representative Mark 
Grisham. During this demonstration it will be shown that all top level functional requirements  
[Table XX] have been met. The interface between mechanical and electrical systems will be 
explained in detail and an introductory explanation of steps required for a craftsman to operate 
the system will be given. Recommendations for both the future direction of the project and 
interaction between the University of Arizona and GCROA will be personally passed on. It is our 
hope and expectation that this project will greatly contribute to the goal of the Grand Canyon 
River Outfitters Association becoming fully independent of fossil fuels within the 10 year scope 
of this project. 

8.0 Recommendations 

In order to make the project more successful and take advantage of emerging technology in the 
next nine years, several changes must be made to the structure of the teams and the technology 
used.   Technology will improve and change and the benefits of those changes can be easily 
incorporated into the current system design.  The current design allows new technology to be 
incorporated without a system redesign; so for example, if new battery technology becomes 
feasible for this project then it may be easily designed into the energy storage subsystem without 
redesigning the rest of the complete system.  This fact makes the current design adaptable and 
feasible for the remainder of life of the project.   

8.1 Energy Storage Subsystem 

Currently the only feasible electrical energy storage option is lead-acid batteries and thus is what 
our system is using.  In the coming years new battery technologies such as lithium ion, lithium 
polymer, and lithium ferro-phosphate, and others will drop in price and become more cost 
effective.  These new battery chemistries allow many benefits over the lead acids currently used.    
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8.1.1 Lithium Battery 

Lithium batteries offer higher power densities which lead to lighter mass and thus less 
drag on the entire boat.  Lithium batteries also offer higher discharge rates which hold 
nominal voltage better under load, allowing the boat to be faster with the equivalent 
amount of power and voltage.  Lithium ferro-phosphate batteries offer extremely fast 
charge rates.   Thus the generator can run at higher speeds delivering more power to the 
battery bank, running for less time.   This makes the boat quieter for longer periods of 
time for a better customer experience.  The downsides of some lithium batteries, such as 
lithium polymer, are the exact control of voltage and monitoring of each cell in the 
system.  This would result in a more complex electronic control and charging system, but 
is worth the extra advantages lithium technology can provide.   

A supplier of lithium cells would also have to be located where cells can be purchased at 
close to cost.  Suppliers to consider for lithium ferro-phosphate would be A123 Systems 
and Sion Power Systems; suppliers for lithium polymer cells are Kokam, Enerland, and 
Zippy batteries.  Suppliers for lithium ion cells are Panasonic, and local to Arizona is 
Moltech Corporation. 

8.2 Energy Regeneration Subsystem 

Currently the boat is using a bio-diesel powered Fisher-Panda 6kW marine generator that outputs 
120v AC that is throttled and rectified down to 72v DC.  Unfortunately this is not the optimal 
solution, but is the most feasible one at this point in the lifecycle of the project.  This generator 
meets several requirements such as low sound output, low emissions output and good efficiency, 
but it can be improved upon.  

8.2.1 Fuel Cell 

Within the life of the project, direct hydrogen fuel cells might become a feasible option.  
A fuel cell offers complete silence under full load, around the clock 24 hour operation, 
and extremely good efficiency.  Based on previous calculations, it was determined that 
one standard size hydrogen gas cylinder would suffice for an entire eight day trip.  When 
prices of hydrogen fuel cells become feasible, this would be a perfect option.  

8.2.2 Hydro turbine  

Another option for energy regeneration is some type of on river hydro-power generation.  
In some preliminary design ideas, such solutions such as a large water turbine attached to 
the side of the boat while docked for the night were debated.  Another solution, such as 
several smaller submerged water turbines utilized while docked were debated.  This 
solution would involve 4-5 small submerged turbines that would be dropped down into 
the current by the river guides while pulling into a beach to camp for the night.  The 
turbines would be counterweighted with a weight at the bottom and a buoy on top to keep 
them approximately three feet below the water line.  These turbine solutions would be 
used to regenerate battery power during the night and thus would only be able to provide 
the maximum amount of power the batteries could store.  For a complete battery powered 
boat, sometime in the future this regeneration solution might become a better option.   
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8.2.3 Novel ideas 

Other novel ideas hypothesized consisted of energy storage and regeneration in the form 
of compressed air tanks, used to drive a piston type engine that would be used to drive an 
electrical generator.  There are a multitude of solutions that can be conceived, but only 
few that are energetically and cost feasible. 

8.3 Propulsion Subsystem 

The propulsions subsystem at this point in the project fulfills all of the functional requirements, 
but still leaves a lot to be desired.  The current electric propulsion subsystem is quiet compared 
to the gas outboard and provides adequate power for cruising and rapid running as observed by 
the on water testing.  However the current propulsion system is a electric converted gasoline 
outboard which is not matched for the torque profile of the electric motor.  This forced us to gear 
up the electric motor outside of the gasoline transmission, resulting in a loss of efficiency.  
Ideally, the perfect solution would be to custom design an entire outboard system, with an 
integrated electric motor and a transmission with gear ratio that matched the torque profile of the 
electric motor.   

Another problem faced in the current outboard is heat generation by the electric motor and 
electronic speed controller.  The current solution is totally self contained and run by the 
integrated water pump in the Honda lower unit.  In the future a complete water jacket for the 
electric motor would be a extremely beneficial upgrade.  This would ensure complete reliability 
and enhance safety in the complete system by ensuring that in no situation would the motor have 
a thermal shutdown.   

8.3.1 Brushless motor 

The best upgrade that can be done to the entire system besides the lithium batteries would 
be the replacement of the Mars DC brushed motor with a brushless motor of similar 
specifications.  A brushless motor would provide several advantages including higher 
efficiency resulting in longer runtimes and less heat, more torque resulting in greater top 
speed, and lighter weight.   These advantages come at a slightly increased cost and 
require a slightly more complex control system, but are well worth it.  Brushless motors 
in this application are a relatively new technology and would have to be researched to 
find a reliable supplier capable of mass production. 

   
8.4 Future Project Management and Team Organization 

In the future to allow the project to proceed more smoothly and allow the teams to be more 
productive, it would be advisable to split the entire project up into subsystems and assign each 
team an individual subsystem to work on.  This allows more specialization of components and 
allows students to work on parts that are directly related to their discipline of study.  This creates 
a better working environment and in the end creates a better product.   

The future project could be more successfully completed by two separate teams, one team 
dedicated to working on the design of the outboard motor and electrical motor, and one team 
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working on the design of the power and control systems.  On the power and control systems 
team, it would be useful to have two electrical engineers, one mechanical engineer and one 
computer engineer.  On the outboard team, it would be useful to have three mechanical engineers 
and one electrical engineer.  The scope of the overall project is very large and extremely 
challenging for a single group of four engineers to work on.  One large team or two small teams 
working on separate systems would be more productive.     

9.0 Acknowledgements 

University of Arizona Grand Canyon Senior Design Team would like to take the time to thank 
the following people: 

 Mark Grisham – Team Sponsor 

Mark has been an extremely helpful asset during this project and has done all in his 
power to help us get the materials we need.  He has been a great resource and given us an 
in-depth look into the life of a raft guide.  We’d also like to thank him for being an 
amazing host up at the Lee’s Ferry warehouse, and for the opportunity to experience a 
river trip through the canyon at the completion of the project. 

Joseph Hartley – AME Machine Shop Supervisor 

Joe Hartley without your contribution, all of the construction would have been much 
more difficult.  Thank you for all the extra hours that you kept the shop open, without 
them, this project would have not likely been as far as it is today. 

Clayton Grantham & Kevin Prodeomides – Team Mentors 

We’d like to thank Clayton & Kevin for being our most accessible resources over the 
course of the year and for offering us nothing but constructive criticism in our technical 
reports and presentations. 

Martha Ostheimer & Chuck Lemme – Course Professors 

A final thank you to Martha & Chuck for leading the course that closes out our 
University experiences and making it much more interesting than writing a thesis. 

 
10.0 References 
 

Budynas, Richard.  Shigley’s Mechanical Engineering Deisng. 8. Boston: McGraw Hill 
Higher Education, 2009. Print. 

 
Hartley, Joesph.  Personal Conversation Interview. 15 Dec 2009. Interview. 

 
 
 



Final Design Report  Team 3515 & 3683 
Alternative Motorboat Propulsion  

43 
 

Appendix A – Parts Catalog 
 
Below is a visual guide to the parts used in the mechanical system.  Pictures are up to date and 
were taken immediately before final assembly.  See TABLE 9 in the System Build section for 
quantity information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Visual Catalogue of Mechanical Parts 
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Appendix B – Electrical Schematics and Artwork 
 

 
Schematic of Current Sensor CCA’s 

 
Schematic of Temperature Sensor CCA 
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Schematic of Mother Card CCA 

 
Schematic of Daughter Card CCA 
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Artwork Layer 1 (Top) of ADC CCA’s 

 
 
Artwork Layer 2 (Bottom) of ADC CCA’s 
 
 
 
 
 
 
 
 
 
 
 
 



 

Alltrax Recommended Wiring Diagram for Permanent Magnet Electric Motors 
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