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Team Objective
Our main objective is to design, develop and test a charging dock to charge battery packs that power the
Land Vehicle for Education (LVE) utilizing energy harvested from sustainable sources such as a windmill.
More specifically, the dock should have the ability to safely charge five to ten battery packs and should
also be able to charge one battery pack efficiently in 1.5 hours. Another objective is to develop a
modular system that can adapt to different power sources and charge a variety of battery packs.
Ultimately, the charging station will be robust to withstand outdoor weather conditions, while
continuing to operate safely and reliably to efficiently provide power to the battery packs.

Team Values and Norms
Team Values
Punctual
Each team member will be prompt and arrive at the team meetings on time. If an
unexpected conflict comes up, the absent team member will notify at least one
team-mate prior to the expected absence. An absent team-member should
confirm that a team-mate has received their message (in person, voice mail,
email, etc).
Thorough
Each team member will complete their tasks thoroughly and completely, so that
the work does not have to be re-done by a peer on the team. If a member does
not know how to complete a task, feels overwhelmed, or needs assistance then
the member notifies peers, and seeks assistance either from a peer, the faculty
guide, a faculty consultant, or another person.
Accurate
Each team member completes their work accurately and in a way that can be
easily checked for accuracy by peers and the faculty guide. All work is fully
documented and easy to follow.
Professional and Ethical
Each team member gives credit where credit is due. All work completed includes
citations to appropriate literature, or sources of assistance. If a team member has
gotten assistance from a publication or individual, then that assistance or
guidance is fully documented in the reports prepared. Each team member is
honest and trustworthy in their dealings with their peers.

Committed
Each team member will contribute an equal share to the success of the project.
Demonstrates the core RIT values of SPIRIT.

Team Norms
Peer Assessment Rubric

Accepted Norms of Performance: Peer Assessment Rubric
Value

Punctual

Unsatisfactory

The team member
has had one or more
unexcused absences
or tardy arrivals to a
scheduled team
activity. The team
member is not
notifying others of
conflicts with
meeting times, or
has allowed other
committments to
impede the
member's duties to
this team. The team
member is
detracting from the
performance of the
entire team.

Needs
Improvement

The team member
has had one or
more unexcused
absences or tardy
arrivals. The
individual could
and should have
done a better job at
notifying (in
advance) a peer of
the absence or
tradiness. At the
current time, the
problem has not
caused significant
harm to the team,
but this behavior
needs to improve.
It is not unusual for
a team member to
receive this rating a
couple of times
during the project.

Meets
Expectations

Exceeds
Expectations

The team member
was prompt and
present at every
team event this
week, or any
absences were
excused in
advance. If there
was an unexcused
absence or
tardiness, then the
team-mates agreed
that the reason
disclosed after the
fact was indeed
unavoidable. For
example, a
member is in a
fender bender on
the way to
campus, and was
unable to contact a
team-mate about
being late. The
absent member
caught up with a
peer as soon as
practical, and
informed them of
the problem.

Not only is the
team member
always prompt
and present, but
the member
clearly plans
ahead for excused
absences (such as
job trips) and
insures that the
absence will not
adversely affect
the team's
performance. The
member notifies
the team of heavy
loads and external
conflicts (such as
exams in other
classes) that
COULD have an
adverse impact on
the team, and
works with the
peers on this team
to make sure that
the information
flow from the
member to and
from the peers is
smooth even in
such cases.

Value

Unsatisfactory

The team member
has not completed
the task assigned,
or has submitted a
response that is
clearly insufficient.
The work will need
to be re-done by
another team
member in order
Thorough
for the team to
move forward.
Some of the work
may have been
done, but it was
incomplete. The
team member is
detracting from the
performance of the
entire team.

Needs
Improvement

Meets
Expectations

Exceeds
Expectations

The team member
made some
progress towards
the task assigned,
but not as much
progress as should
have been
accomplished. The
work may be done,
but the other team
member's have no
way of checking
the results, because
the supporting
documentation is
incomplete. The
team member is
getting behind on
the tasks that need
to be completed.
The team member
needs to make up
the missed work
during the next
evaluation period.

The team member
has made solid
progress towards
the task assigned.
The task is
complete, and is
well done, though
it may need some
additional work
and refinement to
be fully complete.
The assignment
may be
incomplete, but
the team member
has clearly made
a good effort
towards getting
the task done. In
retrospect, this
task may have
been too much for
the member to do
in the time
allocated, so the
fact that the task
is not done yet is
not due to lack of
effort by the
member.

The task has been
completed fully,
and is in
essentially
finished form. The
other team
members can
readily check the
work submitted
since the
documentation is
so clear. Not only
is the work done,
but everyone on
the team
recognizes that the
task is complete
with little or no
need for additional
effort.

Value

Accurate

Value

Professional
and Ethical

Needs
Improvement

Meets
Expectations

The work
completed by the
team member is
unacceptable and
does not meet the
basic standards of
engineering work.
Engineering
principles were not
applied, or were
grossly misapplied. Basic
elements of the
engineering task
were overlooked.
The work
completed must be
re-done
completely.

The work
completed by the
member contains
many errors that
must be corrected.
While the basic
approach to
problem solving
may be ok, the
actual work
completed needs
to be largely redone in order to be
useful to the team.
Some things were
not done by the
team member, that
should have been
obvious to
complete.

The work
completed by the
member contains
a few errors that
must be
corrected. The
basic approach to
problem solving
is good, and the
errors are
relatively minor
and could be
readily corrected
through normal
peer review and
checking. The
work was
corrected through
consultation with
the team
members or
faculty guide.

The team
member
completed the
task with
virtually no
errors or
omissions. The
work was
accurate, and
can be easily
scaled to other
applications or
tasks that the
team may
encounter.

Unsatisfactory

Needs
Improvement

Meets
Expectations

Exceeds
Expectations

The team member
has committed
plagiarism,
falsified data,
ignored their
responsibility as an
engineer. The team
member may have
behaved
inappropriately at a
team event, or in a
manner that
reflects adversely
on the team. The
members' actions
may cause the
entire team to fail.

The team member
has overlooked
some references or
consistently fails
to cite sources and
conduct individual
tasks. The team
member may have
made some offcolor remarks or
been offensive to a
team-mate or other
individual. The
team member
needs to clean up
his/her act.

The team member
behaves
responsibly and
fully documents
sources and
collaborators on
all work.

The team
member is a role
model for others,
and behaves in a
professional and
ethical fashion
even under very
trying and
difficult
circumstances.

Unsatisfactory

Exceeds
Expectations

Unsatisfactory

Needs
Improvement

Meets
Expectations

Exceeds
Expectations

The team member
is a burden to the
rest of the team.

The team member
is carrying less
than their fair share
of the work load.

The team
member is
carrying their fair
share of the
workload.

The team member
is carrying more
than their fair
share of the
workload.

Value

Committed

Sample Peer Assessment Form

Member
Name

Punctual

Thorough Accurate

Professional
and Ethical

Committed

Overall

Matthew
Cappello
Ryan
Legault
David
Herrera
Thomas
Mittner
Matt Owens
David
Sonneborn
Bharat
Thazhathu

Group Communication
In Senior Design I, communication plays a very important part. Every member of the team must
be aware of each stage in the design process. Several means of communication have been used
throughout the course. Email has been used to send messages and establish meeting times and
availabilities. Meetings can be the whole team or just small groups such as only electrical engineers or
mechanical engineers. This method of communication has proven very useful and efficient. One team
member can send out an email and the rest will respond with their availability or thoughts, in case it’s a
question/concern.
Another method of communication has been the use of Google Documents. This has proven to
help extremely when working with different documents between members. A team member might
create a spreadsheet and share it with the rest. This spreadsheet can then be viewed or edited by other
team members.

A DropBox was made in order to share files efficiently. Any member can upload or download
any file at any time. We have put everything we do/create during team meeting up on the DropBox. A
plus for using the dropbox is that unlike Google Documents, any kind of file can be placed on it. We have
shared images and audio files. This has proven very important because we have had to go back and
listen to recordings of customers in order to clarify some questions regarding specifications.

Project Summary
P12402 – Charging Dock & Power Control

The mission of the Charging Dock & Power Control project is to design, build, test and deliver a
charging station that controls the charging of a portable power source. The portable power supply can
be a battery pack (or battery packs) that ultimately powers the Land Vehicle for Education (LVE,
R12005). The circuit board will integrate with the portable power supply, and will require a mechanical
and electrical interface with the charging dock as well as the LVE unit. The charging dock will receive
power from other sustainable energy sources such as the Wind Energy Collection to Energy Bank
(WECEB) project or a standard AC outlet.
The Charging Dock & Power Control project falls under the Sustainable Energy Systems for
Education (SESE) family of projects. The mission of the SESE family of projects is to design, develop,
build, test, and deliver interchangeable sustainable energy technological solutions for use by future
senior design teams and undergraduate engineering class projects in the KGCOE, beginning fall semester
2013.
These solutions will demonstrate the core functions of sustainable systems, which are
collection, conversion, storage, distribution, consumption, and control. Below is a list of the current
system components along with the functions they each represent.

-

Windmill = Collection, Conversion, Distribution, Control
Energy Bank = Conversion, Storage, Distribution, Control
Charging Dock = Conversion, Distribution, Control
Battery Packs = Storage, Distribution
Land Vehicle = Consumption, Control

The overarching requirement of all projects within the SESE track is that all work produced
should be in an open source / open architecture format, encouraging use of the technologies by others.

Risk Assessment

Problem
1

Member gets lost

2
3
4

Probability Importance

Weight

Mitigation Strategy
Other members pick up slack. Loss of ISE will result in borrowing ISE work from other
team and Guides.
Order parts early enough, know supplier, plan for late arrivals. Find local supply if
necessary.
Backup circuit boards, if cost effective have duplicates.
Plug into A/C power source to charge batteries.
Over engineer cooling system, external fan, a lot of testing. If it happens, fix charger and
redesign.
Replace broken components, make more robust design.
Meet with guides on the side to ensure necessary changes and expectations are met,
try again.
Find parts locally to ensure getting the correct part.

5%

3

0.15

Parts delayed
Circuit Malfunction
Windmill Fails

35%
15%
45%

3
9
1

1.05
1.35
0.45

5
6

Overheating
Handling Breakage

15%
5%

9
3

1.35
0.15

7
8

7%
7%

9
3

0.63
0.21

9
10
11

Design Review Fail
Received Wrong Part
Part is lost in
shipping
EE Calculation Error
ME Calculation Error

15%
1%
1%

9
9
3

1.35
0.09
0.03

12

Electrical Surge

2%

3

0.06

13
14
15

Interface Mismatch
Overcharging Battery
Over Budget

10%
1%
30%

9
9
3

0.9
0.09
0.9

16
17

Change of CN’s

2%

9

0.18

Talk to shipping company, receiving areas - reorder parts if necessary.
Peer review of calculations, work together, recalculations if any question of results.
Peer review of calculations, work together, recalculations if any question of results.
Replace broken components, design anticipating it, figure out why it happened to
prevent repeat.
Communicate well, meetings with both interface managers, double check all
connections before order, and proof.
Peer review of calculations, work together, recalculations if any question of results.
Find other funds, sponsors, or other groups.
Verification of customer needs before ordering or taking steps that would be
hard to turn back from.

401 incorrect info

5%

9

0.45

Charger is to be designed to not require 401, so just plug it in.

Customer Needs

Engineering Specs

Function Diagram

System Function Diagram

Work Breakdown Structure

Mechanical Engineer Design Selection
Pugh Chart

Asthetics
Ease Of Use
Function
Robustness
Weight
Ability to be
Cooled
Modularity
Cost
Total +'s
Total -'s
Total ='s
Net Score
Rank
Continue?

Sand
Crawler
+
+
+
+
-

-

+
+
+

Wind
Mill
0
-

+
+
0
3
4
1
-1
3

No

Collapsible
Boat Dock
0 +
+

0

0 4
3
1
1
2

No

Boat
Dock

UFO
+
+
+
-

0
0
5
0
3
5
1

Yes

0

0
5
3
-5
4
No

Selected Design

Materials Selection

Electrical Engineer Design Selection
Pugh Chart
Concept
Selection Criteria
Safety
Cost
Efficiency
Size
Complexity
Functionality
Modular
Sum of +'s
Sum of 0's
Sum of -'s
Net Score
Rank

1
'+
'+
'+
3
0
-4
-1
3

2
'+
0
'+
0
0
0
2
3
-1
-1
3

3
0
0
0
'+
0
0
'+
2
5
0
2
2

4
'+
0
'+
0
'+
'+
4
2
-1
3
1

5
0
'+
0
0
0
1
4
-2
-1
3

Originally there were 3 different ideas on how the flow of the system level blocks should fit into
place. Over the course of a few weeks, many new ideas had hit the paper and were legitimate options
that needed to be explored. Just like is any other concept selection, a set of criteria was evaluated for
each one. Some concepts were less detailed, some were simpler, some were much more complex that
others, but they all still ended with a similar result…charged batteries. Some of the things that needed
to stand out in the selection process were Safety, Cost, Efficiency, Size, Complexity, Functionality, and
Modularity.
While evaluating the needs of the customer, Pugh Charts were created to see which design
would make the cut. Major deciding factors for this project are efficiency. Many of the concepts lacked
having components to regulate power flow resulting in wasted power and potentially overcharging the
batteries. This could also raise a potential safety hazard, something that definitely should not be a
feature of the final design. These flaws are seen in concept design #1. Concepts 2, 4, and 5 excelled in
this category with high efficiency goals being set.
Functionality is very important the selection process. If the concept can’t at least cover the
minimum customer needs, then these weaknesses need to be pointed out as early as possible so that
further errors do not occur. Again Concept #1 is lacking in this department and many of the other (2, 3,
and 5) do not stick out like concept #4 does. Concept #4 is very in depth and provides a nice flow to all
system level blocks; this architecture drawing also shows protection for the device which also leads to
safety assurances to the user. Other concepts were not necessarily dangerous, there just were
additional safety precautions taken into account.

Lastly, modularity was important to the customer so that this charging dock could support and
charge batteries used in other future projects here at RIT. Two concepts were on the right track in terms
of modularity, and those were concepts 3 and 4. These allow for interchangeable connectors for
different types of batteries. There is also a possibility that some type of modularity can be accounted for
inside of the controller device that is planned on being used.
With all criteria weighted and evaluated, Concept #4 seems to jump out of the bunch and can be
seen on the EDGE website under System Architecture.
After deciding to present this EE System Architecture at the Systems Design Review, we found
that a few changes needed to be made to the Engineering Specs. We realized that the current flowing
through out charging dock may be much larger than the values suggested in the current Engineering
Specs (currently 1-1.5), this amount is much too low to charge multiple battery packs in a respectable
amount of time. Another Spec that we found needed updating was charging time for batteries (currently
8-12hrs) we feel that this time can be significantly reduced.

Selected Design

Regulation Pugh Chart
Selection Criteria
Cost
Efficiency
Size
Sum of +'s
Sum of 0's
Sum of -'s
Net Score
Rank

Switching
Regulators
+
0
1
1
1
0
3

Linear Regulators
+
+
2
0
1
1
2

LDO Linear
Regulators
0
+
+
2
1
0
2
1

The main concerns here with types of regulation are with efficiency and cost. When considering
which regulations techniques we decided on, these factors were taken into account with high regard.
There can potentially be a large power loss at this stage in the process. Three main technologies that are
being considered are Linear Regulators, Switching Regulators, and Low-Dropout (LDO) Regulators. Linear
regulators provide basic functions and allow for easy current regulation at a very low cost; however,
there is a price to pay… efficiency. Some of these low tech regulators can reach as low as 60% efficiency.
The more high-tech version of these is the LDO Linear Regulators. With potential efficiency ratings of 8594% these devices are on the right track for what we are looking for. They are reasonably priced at
around a few dollars each, but may not be able to support the amperage flowing through the system.
Switching Regulators are highly efficient at 85-95% and can support higher voltages with a
reasonably high amount of current (based on how many batteries we want to charge and how fast).
These devices are even more expensive (range from $7 to $9 per unit) but also they are larger and will
take up real-estate within our workable size constraints. As per out Pugh Chart on this topic, the likely
candidate for Regulation devices is going to be LDO Regulators.
Converting Pugh Chart (AC)

Selection Criteria
Cost
Efficiency
Functionality
Size
Sum of +'s
Sum of 0's
Sum of -'s
Net Score
Rank

Transformers
+
+
+
3
0
1
2
1

Rectifiers
+
+
2
0
2
0
2

Converting Pugh Chart (DC)
Selection Criteria
Cost
Efficiency
Functionality
Size
Sum of +'s
Sum of 0's
Sum of -'s
Net Score
Rank

Buck/Boost
Converters
0
+
+
2
1
1
1
3

Voltage Divider
Circuit
+
0
+
2
1
1
1
3

Switching Regulators
+
+
+
0
3
1
0
3
1

Linear Regulators
+
0
+
2
1
1
1
3

LDO Linear
Regulators
+
+
+
3
0
1
2
2

There were a large variety of converting devices that entered the selection process. They are
Transformers, Rectifiers, Switching Voltage Regulators, Buck Converters, Boost Converters, and even a
simple voltage divider circuit. Again, our main concerns here are with efficiency, cost, and size. Just as
with the regulation phase, there can potentially be a large power loss at this stage in the process. Our
system is going to have both DC (from windmill P12401) and AC (Purely Backup) inputs.
For AC to DC conversion we don’t want to put too much effort in to this as per the request of
the customer since it is only for backup purposes. A simple Wall Wart transformer may suffice, they are
relatively cheap one problem is finding one that can provide enough potential power that our system
may use. Another problem is that these can be highly inefficient 60-80%. Other options explored are
rectifiers, which can provide sufficient power with very high efficiency >95% but they are very large and
can cost upwards of $100. As per our Pugh Chart, we will be using a transformer for AC/DC power
converting.
For DC to DC conditioning, we may use a Switching Voltage Regulator, similar to ones used in
the regulation phase. With low to moderate cost, these devices can provide sufficient current flow and
are not as large as the AC-DC converters. . Linear regulators provide basic functions and allow for easy
voltage regulation at a very low cost; however, there is a price to pay… efficiency. Some of these low
tech regulators can reach as low as 60% efficiency. As per our Pugh Chart, we will be using a Switching
Regulator for DC/DC power conditioning.
Display Pugh Chart
Selection Criteria
Cost
Ease of Use
Complexity
Size
Sum of +'s
Sum of 0's
Sum of -'s
Net Score
Rank

LED's
'+
'+
'+
'+
4
0
0
4
1

LED BAR Graph
'+
'+
'+
3
0
1
2
2

LCD Screen
'+
1
0
3
-2
3

For the Display Selection, the customer was interested in the idea of nothing too fancy. We knew that a
simple light system can get the job done just as effectively as a full GUI Screen. LED Bar Graph lights are

interesting however they are simple multiple regular LED lights connected in parallel and batched
together. As per the Pugh chart as well as our original thought confirmed, We will likely be using a
system of lights for letting the user know the current status of each battery as it is charging/full charged.
Controller Pugh Chart
Selection Criteria
Cost
Efficiency
Ease of Use
# of I/O's
Sum of +'s
Sum of 0's
Sum of -'s
Net Score
Rank

uController
TI Launch Pad
'+
'+
'+
'+
4
0
0
4
1

ARDUINO
'+
'+
2
0
2
0
2

Hardwired
Logic
'+
'+
2
0
2
0
3

For the Controller Pugh chart, several options were explored. The first were micro-controllers. There
were two options that were thought of, the TI Launch Pad and the ARDUINO UNO. Several selection
criteria’s were looked into; Cost, efficiency, ease of use, and # of I/O (input/outputs). While the Arduino
board has a reliable background, the TI Launch Pad attracted us more by the cost. Each board had
enough I/O needed for each battery. The TI Launch Pad, once investigated, proved easier to program,
something which we were pleased with. Overall, for a project like this with a budget limit, we decided to
use the TI Launch Pad to control each battery’s charging.
Another option that was looked into was using hardwired logic to control the display unit for each
battery. This would be a good option but all the controlling can be done more efficiently with the microcontrollers.

Efficiency Spreadsheet

Efficiencies Spreadsheet

Manual Input Fields

WECEB (Project 12401)

Descriptive Statistics
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Power

Efficiency
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-
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$
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$
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0

$
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Discrete Controls
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Benchmarks

Tenergy BC

Tenergy SUC

Our Product

Customer Competitive Assesment

0

1

2

Powers the LVE batteries

5

5

5

Withstands a drop

4

3

4

Must operate outdoors

4

1

1

Easy to use

5

5

3

Provides current charging status

4

2

5

Aesthetically pleasing

3

4

5

Small in size and weight

2

5

4

Quick to recharge batteries

5

2

4

Easy to maintain

4

3

4

Charge multiple batteries

5

0

0

Our Product

3

1

5

Tenergy BC

Modular

3

Tenergy SUC

4

5

Preliminary GANTT chart

Too be discussed due to poor image rendering for this reading material

