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An Integrated Approach to Developing
Technical Communication Skills in Engineering Students

Abstract

The Project to Integrate Technical Communication Habits (PITCH) is being implemented
across seven engineering and computer science undergraduate programs. The overarching goal
of PITCH is to develop written, oral and visual communication skills and professional habits in
engineering students. PITCH activities begin in the very first semester and are reinforced and
extended through all four years of each program. Senior design becomes the culminating
experience in which students demonstrate the skills and habits acquired through PITCH courses.

Student outcomes for the project were established based on an extensive survey of
employers, alumni and faculty. Communication instruments include technical memoranda, poster
presentations, oral presentations, laboratory reports, proposals, and senior design reports. In
addition to text elements, the use of tables and graphics also are addressed. Advice tables,
annotated sample assignments and grading rubrics are being developed for each instrument to
assist students in their work and facilitate consistency in instruction and assessment across
multiple instructors teaching different course sections.

Within each of the seven programs, specific courses within all four years are targeted for
implementation and assessment of technical communication skills. Roadmaps showing the target
courses, and the instruments deployed and outcomes to be learned in each course are made
available to students in each program. The different communication products are distributed
across courses as appropriate, and the skills are developed at deeper and deeper levels as students
progress through the years.

Two critical and distinctive features of the project are that technical communication skills
are fully integrated into the content of regular engineering courses and are taught by regular
engineering faculty. These features will make PITCH sustainable over the longer term. In the
first year of the project, 16 engineering and computer science faculty were trained by an external
consultant through summer workshops to deliver and assess the technical communication
instruments in their courses. All PITCH assignments submitted by students are being archived
and will be used in a longitudinal assessment of the effectiveness of the project as the first cohort
of students who started in fall 2012 near graduation.

PITCH is funded by the Davis Educational Foundation and is designed to be self-sustaining
after the three-year period of grant support.

This paper describes the approach used, lists the PITCH student outcomes, and provides
examples of the PITCH roadmaps, as well as the resources provided to students and faculty.

Introduction

To be competitive in today’s economy, engineers need to have strong technical
communication skills. However, many colleges are struggling to provide this extra training
effectively and still meet the ever-growing demands of an engineering curriculum. At the
University of New Haven an $185,500, three-year grant from the Davis Educational Foundation
is funding a new program to provide students with strong technical communication skills.
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Through the grant the university is establishing a PITCH (Project to Integrate Technical
Communication Habits) initiative that began in fall 2012 and follows students through all four
years of college in seven ABET accredited engineering and computer science programs.

The goal of this project is to emphasize professional communication skills and professional
habits across engineering disciplines. At many engineering colleges, a common approach to
teaching technical communication skills has been to require students to take separate courses in
that area. That approach has proven expensive and not especially effective since it is divorced
from engineering content and is too often a one-time experience.”’ Based on earlier models
developed at Michigan State University and The University of Maine, the communication skills
training at the University of New Haven (UNH) is being woven into regular engineering courses.
PITCH contains a number of features that refine and extend that model:'™

* PITCH faculty developed a comprehensive set of learning outcomes based on surveys of
both UNH engineering faculty and engineering alumni and employers.

* Communication assignments are based on engineering content and designed to have
students achieve stated outcomes in a developmental progression throughout their
programs.

* PITCH leverages technology to provide students and faculty with supporting resources.

Engineering faculty engaged with PITCH have participated in ongoing training to develop
and evaluate effective technical communication assignments. That step, along with using a
consultant, avoids the need to hire instructors from outside engineering and will help make
PITCH sustainable and cost-effective.

To help faculty incorporate teaching these skills into their classes, the consultant has
trained 16 engineering professors and a staff member at intensive three-day workshops during
the summers of 2012 and 2013. Students are learning the new skills in both core and advanced
classes. Each student will have evidence of achievement in communication in his or her four-
year portfolio. A random sample of those portfolios will be reviewed annually to ensure that the
skills were actually learned and to identify areas needing further improvement.

Establishing Need and Learning Outcomes

In order to determine the need for technical communication skills in engineering graduates
and to establish the learning outcomes a survey was administered to alumni, faculty and
employers who often hire UNH engineering and computer science graduates. The survey was

80.0%  68.6%
70.0% 30.0% o
60.0% - 248%
50.0%
40.0% ° 20.0%  17.4% .
30.0‘%: it lag  165%
20.0% 15.0%

Critically ~ Somewhat Unimportant 5.0%

Important Important 0.0%

’ 9 or fewer 10-19 20-29 30-39 40 or more

hours hours hours hours hours

Figure 1: Response to question: “Within my
organization, to what degree are technical
communications skills considered in hiring and
promotion decisions?” N = 121.

Figure 2: Response to question: “In a typical work
week, I spend about the following number of hours
performing technical communication tasks (writing,
reading, speaking or listening).” N = 121.
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designed to determine which technical communication attributes, products and professional
behaviors are essential. We received 124 responses from alumni and employers and 32 responses
from faculty. The results of the survey (available at http://www.newhaven.edu/482669.pdf)
reinforced the notion that alumni and employers really do desire technical communication skills
from engineering graduates. They desire such skills both in terms of the ability to produce
communication products and to exhibit professional communication habits. Responses to two
particular questions are shown in Figures 1 and 2. More than 68% of those surveyed indicated
that skill in technical communication played a “critical” role in hiring and promotion decisions,
while another 29% marked those skills as “some- what important.” Furthermore, over 80% of
those responding indicated that in their jobs they spend between 11 and 40 hours a week or more
on the communication tasks: writing, reading, speaking and listening. The results of the survey
indicated that alumni and employers consider technical communication skills to be critical
attributes in engineering graduates. These survey results mirror those from similar surveys
conducted at Michigan State University and The University of Maine.'™

During the 2012-2013 academic year the faculty considered the results of the survey to
develop the PITCH outcomes that students should demonstrate at the time of graduation. Note
that these outcomes (listed in Table 1 below) focus on both products and habits.

Table 1. PITCH Outcomes.

1. Technical Communication Products 2. Technical Communication Habits
a) Plan, design and produce letters, a) Use appropriate format and content;
technical memoranda, short reports, b) Exhibit clear, precise and logical
formal e-mails, reports documenting expression;
experimental or simulation methods c) Demonstrate appropriate organization,

and results, and formal
reports (proposals, analyses, progress
reports, senior design documents).

level of detail, style and tone for a
given audience, situation and purpose;

d) Demonstrate appropriate syntax and

b) Plan, prepare and deliver oral correct usage of grammar and spelling;

resentations and poster displays.
P P pay ¢) Highlight or identify critical

information,;

f) Present, discuss, and summarize data
accurately and persuasively;

g) Write thoughtful and persuasive
conclusions and recommendations;

h) Work effectively to produce multi-
author communications.

PITCH Roadmaps

A critical feature of PITCH was the yearlong effort by faculty to develop a “roadmap” for
integrating appropriate PITCH outcomes at both course and program levels throughout the
college. In order to ensure that the PITCH outcomes would be met, technical communication
products (i.e., letters, technical memoranda, short reports, formal e-mails, reports documenting
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experimental or simulation methods and results, and formal reports) and specific technical
communication habits were distributed amongst several courses in each of the seven ABET-
accredited engineering programs. These distributions were planned to introduce skills and habits
in introductory courses. Those skills and habits would then be reinforced and extended to new
levels as students moved into more advanced courses in their programs and encountered deeper
engineering content and more complex communication situations.

The Tagliatela College of Engineering offers a core interdisciplinary curriculum in the first
year-and-a-half that is taken by most engineering students. These courses provide an ideal
structure for consistent introduction of the PITCH outcomes in assignments. Technical
communication products such as letters, technical memoranda, short reports, and formal e-mails
were implemented in four courses that are a part of this curriculum. Reports documenting
experimental or simulation methods and results were implemented in second or third year
disciplinary courses and formal reports (proposals, analyses, progress reports, and design
documents) were implemented in senior design courses. So a path emerged for tracing the
development of PITCH outcomes from first year through graduation. Each program developed
its own path, or roadmap. These roadmaps were exhaustively reviewed and refined until faculty
agreed on courses, outcomes and assignments that would be included at each level in ways that
made sense for each program’s curriculum. The published roadmaps may be viewed at
http://www.newhaven.edu/8/PITCH/roadmaps/. Students receive the roadmaps at the beginning
of their first semester so that they can see how they will experience PITCH throughout their
program.

Faculty Participation and Training

Most engineering faculty delivering PITCH courses were not previously trained to deliver
instruction related to the development of technical communication skills in students or to
effectively assess and provide feedback on technical communication products. The external
consultant conducted three-day workshops during the summers of 2012 and 2013 to train faculty
to accomplish these tasks. Items covered in these workshops included inclusion of PITCH
outcomes in course syllabi, developing effective technical communication assignments, and
development of rubrics to facilitate consistent evaluation of technical communication products.

In addition to the summer workshops, the external consultant visited the university three to
five times each year to work with individual faculty and conduct additional short workshops. The
short workshops focused on clarity, organization, precision and economy in technical
communication.” He also interacted with individual faculty remotely to provide continuous
assistance in refining assignments and developing course resources such as rubrics, advice tables
and models.

To incentivize faculty participation in PITCH they were offered modest stipends to
participate in the summer workshops and compensated for developing and evaluating PITCH
assignments. By the end of the second year 16 engineering and computer science faculty have
been trained to deliver PITCH courses. This number represents 53% of all engineering and
computer science faculty. In addition, the third faculty training workshop will be directed by one
of the engineering faculty members from the first training cohort. The sequence will develop a
core of faculty experienced in PITCH activities who can continue to provide training and sustain
PITCH leadership after the initial external funding disappears.
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Assignments and Resources in PITCH Courses

While communication assignments existed in the Tagliatela College of Engineering courses
prior to PITCH, there has been a substantial effort to revise these assignments to simulate the
types of situations that engineers would encounter in professional settings. The fact that a
number of faculty associated with PITCH have extensive industry experience has facilitated
these revisions. In addition, incorporating a defined set of learning outcomes for assignments has
brought consistency and appropriate sequencing across courses. PITCH resources for the courses
described below are available at http://www.newhaven.edu/8/PITCH/482611/.

Introduction to Engineering

The Introduction to Engineering course taken by all engineering and computer science
students during the first semester of the freshman year deploys technical memoranda. General
guidelines on writing technical memos are posted on BlackBoard® and discussed in class prior
to each writing assignment. Although only the final two project memos are graded as PITCH
assignments, students are given other opportunities earlier in the semester to begin developing
their technical writing skills through feedback provided by the instructors. The Lifeboat Exercise
is an individual assignment and the Structural Systems Project requires that results are reported
using a memo written by each team. Both of these assignments are written in the technical memo
format so that students begin to understand the difference between the direct and context driven
writing style required when addressing the reader’s questions/concerns in a technical memo
compared with a research paper. The PITCH outcomes (see Table 1) addressed in this course are
la, 2b, 2¢ and 2d.

Feedback from the initial two non-graded PITCH assignments in fall 2013 was used to
develop a general advice table, outlining common mistakes made by students. Examples are
provided to illustrate these mistakes and how to correct them. The usefulness of the advice table
is limited if it does not reflect the mistakes made by the students taking the course. Thus, it is
expected that the table will change and expand with subsequent offerings of the course. Some
faculty voiced concern that students may not read a multipage table. Thus, in addition, a one-
page advice table/grading rubric was developed for each of the graded PITCH assignments.
Details of each dimension of the memo are outlined in this table and assigned weights for each
dimension are given. The purpose of the advice tables’ is to provide guidelines as to the structure
and content of the specific memo in a concise format.

A typical assignment sheet from before and after PITCH, and advice table and rubric
developed as part of PITCH are provided in the appendix.

Introduction to Modeling of Engineering Systems

All engineering students typically take the Introduction to Modeling of Engineering
Systems course in the first semester of the sophomore year. This course has two PITCH
assignments emphasizing data presentation. Students are required submit a memo discussing
their work which includes tables and plots of their results. The PITCH outcomes (see Table 1)
addressed in this course are 1a, 2a and 2f.

The first assignment required students to develop a model to predict voltage for a fuel cell
as a function of current draw. The data provided showed a highly non-linear character to the V-I
relationship. However, a linear model was needed. Students are asked to partition the data into
three regions and provide a linear model for each region. In their memo they must discuss how
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they chose the cut-off points for the regions as well as the possible error in using the model. Data
displays are required to augment the text discussion. In addition to the memo, they are asked to
append pages from their spreadsheet, which is also evaluated on the basis of organization and
communication effectiveness. The audience for the memo is a technical reader.

The second project requires students to specify a pump and pipe system for transferring
water from a reservoir to an elevated storage tank. An optimization is required to determine the
pipe diameter that would yield a certain incremental return on investment. Again, a technical
memo is required to report results and justify choices made. The memo is to include plots and
data tables. The audience for the memo is a person with a business background.

Materials provided to the students include a memo about writing memos, a guideline for
plots, and a guideline for data tables.

Applied Engineering Statistics

Many engineering and computer science students take the Applied Engineering Statistics
course in their third year, which is required in some programs and a popular elective in others.
Of the many assignments in this course, two that focus on presenting, discussing and
summarizing data accurately, and persuasively are designated as PITCH assignments. The
assignments require planning, designing and producing technical memos. Each assignment
consists of an assignment sheet and an accompanying rubric. The assignment sheets capture:
(1) the goals of the assignment, (2) assignment tasks, and (3) a checklist for completing these
tasks. This course deepens the PITCH outcomes (see Table 1) 1a, 2a and 2f addressed in the
Methods of Engineering Analysis course.

The first assignment is cast in the form of a technical memo to provide students a
reinforced example the memo format. The second assignment did not include a sample memo.
However, the design of tasks in the second assignment required students to initiate a memo. The
objective for using a slightly different structure in the second assignment was to assess students’
retained knowledge of writing technical memos.

Both assignments include a grading rubric. Each category in the rubric has grade
percentage allocation and requirements specifications. These rubrics were developed to guide
students in producing a well-written memo, one that has necessary information in an organized
and effective manner.

Both grading of student papers and the feedback provided are based on the rubrics. Each
comment is linked to a grading criterion in the rubric to show students the areas in which they
are strong and those that they need to improve. Summary comments to capture the overall
performance of the assignment are also included. Furthermore, a sample memo for each
assignment is provided as a learning resource.

Disciplinary Courses

Reports documenting experimental or simulation methods and results in disciplinary
courses will be enhanced to include PITCH outcomes in spring 2014. Guidelines for such
reports, advice tables, rubrics and annotated sample reports are under development and will be
posted on the PITCH website in summer 2014.

One specific disciplinary course in which some PITCH assignments were implemented in
spring 2013 was the System Engineering Design Process course. The four writing assignments
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relate to creating important communications documents and design diagrams during an
engineering design process: a Statement of Work (SOW), a Requirements Definition Document
(RDD), System Engineering Design Diagrams, and a System Description Document (SDD). The
System Engineering Design Diagram assignment was fully implemented during the spring of
2013 and teaching materials and an assignment statement for creating a Statement of Work were
also developed. The remaining assignments will be added during the next course offering in
spring 2014. The PITCH outcomes addressed in the four assignments are as follows:

e Statement of Work: 1a, 2a, 2b, 2¢ and 2d

* Requirements Definition Document: la, 2a, 2b, 2¢, 2d and 2e

* System Engineering Design Diagram: 1a, 2a, 2b, 2c, 2d and 2e

¢ System Description Document: 1a, 2a, 2b, 2c, 2d, 2e, 2f, 2g, 2h

Some of the work involved in creating these new PITCH assignments included developing
new assignment statements that clearly define PITCH and technical content requirements. Other
work included developing fair and effective ways to assess each outcome, developing new
teaching materials, and developing new advice tables. For the System Engineering Design
Diagram assignment, a new assignment statement, grading rubric, and advice tables were created
for students. Teaching materials were also updated. For the Statement of Work assignment, new
teaching materials and a new assignment statement were created.

Results from student feedback indicate that students appreciate more clearly written and
developed assignment statements that include clear requirements for writing outcomes and
technical content. Students also liked the advice tables and examples provided that indicated both
good and poor communication habits.

Senior Design Courses

PITCH activities in the Tagliatela College of Engineering culminate with the senior design
experience. The series of technical communication activities in senior design courses follows the
general pattern described here with some variation between the various disciplines. These
PITCH activities are being or have been developed with input from the six engineering programs
and the Computer Science program offered by the college. Since the design activities within the
college vary from system design to the design of an electrical or mechanical device to the
development of software, the PITCH activities need to allow for flexibility in their preparation.
All of the PITCH outcomes (see Table 1) are addressed in all senior design courses.

The first PITCH activity involves the preparation of an engineering proposal for the design
project. Each student team gains experience in the preparation of a proposal by providing such a
document to the project sponsor (the “client”). Guidelines for the preparation of the design
proposal have been developed with input from all of the programs in the Tagliatela College of
Engineering and are available on the PITCH website. Since this is a learning experience for the
students, the student teams have already received their project assignment before preparing the
proposal. The proposal is typically prepared near the end of the first semester of the design
sequence and submitted to the course instructor. The course instructor, with input from the
sponsor, may request that the project team revise their proposal before proceeding with their
project. A grading rubric and advice table are currently being developed for the design proposal.

The second PITCH activity associated with the senior design experience is a poster
presentation of the project. The poster is presented at the end of the second semester as part of
the Senior Design Expo conducted by the college. While this poster presentation has been a part
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of the design activities for several years, the guidelines for such posters have been lax. Formal
guidelines for the preparation of the design posters with an accompanying grading rubric and
advice table are currently being developed.

The third PITCH activity associated with the senior design experience is the final design
report. The final design report provides a complete record of the design effort along with a
description of the design and recommendations. In the past, the relatively lax guidelines provided
for the final design report have varied greatly from program to program resulting in wide
variability in the reports. Formal guidelines for the preparation of the final design reports are
being prepared with input from all engineering programs and the Computer Science program.
These guidelines will allow greater consistency in the final work product. A grading rubric and
advice table will be developed to accompany the guidelines and assist students in preparing the
final design report. In addition, PITCH sponsors cash awards for the outstanding senior design
reports as nominated by faculty and judged by members of the Tagliatela College of Engineering
Professional Advisory Board.

Assessment of PITCH

All graded PITCH assignments for all students starting with the freshman class of fall 2012
are being electronically archived so that a longitudinal assessment of the effectiveness of PITCH
can be assessed when the freshman 2012 class graduates in 2016. This assessment will evaluate
how effective PITCH is in developing technical communication skills in engineering and
computer science students. Prior to 2016, partial assessments will be made on the effectiveness
of PITCH in the first few years of each program. In addition to annual reviews of student
portfolios, each faculty member teaching a PITCH course completes a self-assessment of their
experience in the prior year. These self-assessments identify areas of strength and weakness and
include plans for improvements in subsequent course offerings. Once the initial cohort has
graduated, the initial survey of faculty, alumni and employers of Tagliatela College of
Engineering graduates will be repeated. Since the college is only in the third year of developing
and implementing PITCH, it is difficult to make any comprehensive assessment at this time.

Some instructors have made preliminary and somewhat subjective evaluations of
improvement in student performance within a single course from one PITCH assignment to
another. The general consensus is that the more systematic approaches used in PITCH, including
the availability of advice tables, rubrics and sample assignments increases student performance
in technical communication from one PITCH assignment to another within a single course.
Annotated sample assignments will be developed over the next year for all PITCH courses, and
these are expected to further improve student performance.

Conclusions

A Project to Integrate Technical Communication Habits (PITCH) in engineering and
computer science undergraduate students at the Tagliatela College of Engineering at the
University of New Haven is described. This four-year program, coordinated across seven
engineering and computer science programs, is believed to be one of the most comprehensive
engineering technical communication programs in the country. Rather than offer special courses
in technical communication taught by non-engineering faculty, or focusing on one or two courses
taught within a program, PITCH trains engineering faculty to develop technical communication
skills in students by implementing technical communication products into existing engineering
courses in a systematic and structured manner throughout the program. The technical
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communication products used and the PITCH outcomes were based on the results of an extensive
survey of alumni, employers of students, and faculty. Development and implementation of
PITCH began in fall 2012. While it is too early to assess fully the effectiveness of PITCH, it is
expected that PITCH will significantly improve the technical communication skills of
engineering and computer science students in the Tagliatela College of Engineering. Preliminary
reactions from PITCH faculty confirm that this is so.

Lessons Learned

At this writing, PITCH has begun its fourth semester of development, and those involved can
reflect on a number of lessons from its development so far.

* An effort such as PITCH requires a core of faculty members who are committed to the
effort to improve students’ technical communication skills. Such a core is easier to
assemble and sustain at an institution where teaching is at least as important as research.

* Engineering college administrators, especially deans, must act in full leadership and
support of such programs. Faculty efforts must be valued and recognized. For an
implementation that spans several engineering programs, it is important for faculty
members from different disciplines to collaborate and be flexible so as to arrive at
common resource tools that can serve all disciplines (e.g., laboratory reports, and senior
design proposals, posters and reports). Within each multi-disciplinary team that develops
these common resources, it is essential to have a strong team leader who is able to
assemble essential requirements into common resources.At least in the developmental
stages, it is essential to have the guidance of an individual (or individuals) experienced in
the design and implementation of such efforts.

* A common curriculum at the lower levels makes it easier to provide consistent early
instruction followed by variations in outcomes and assignments within engineering
disciplines and senior design courses.

* The task of defining and sequencing the full set of PITCH outcomes across seven
programs and all four years required more time than initially planned. Instead of a
semester, this essential task took a full academic year.

* A trio of critical and linked tasks make a significant difference in improving students’
communications skills: refining assignments to reflect PITCH outcomes; developing
resources to assist students; designing thoughtful grading rubrics.

* Assessment regimes must be reasonable and sustainable and provide information that can
be used for improvement.
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Appendix: Typical Assignment Sheets, Rubric and Advice Table

EASC 1107: Introduction to Engineering
First Assignment Sheet for Remote Pumping Station System Project

Overview

As our use of energy continues to grow and conventional fuel sources are becoming

limited, hydrogen technology is emerging as a viable alternative to conventional fuel sources.

The objective of this project is for students to explore the use of solar energy and hydrogen
technology using fuel cells to build a simple system model to represent the remote pumping
station using this technology.

Major Concepts

Introduction to fuel cells (PEM), electrolysers, energy conversion, efficiency, electrical
power, energy, voltage and current, loading (fuel cell and solar cell), oxidation reactions,
sustainability, and systems engineering concepts.

Technical Skills

* Determination of solar cell output and variation caused by a changing solar position and a

stationary panel position

* Generate x-y graphs for collected data

* Create a simple system(s) model in EXCEL

* Create Hierarchical System diagram, system context diagram, and a functional flow
block diagram

Analytical Skills
* Computing voltage, current, resistance, power and energy for basic resistive circuits
* Ability to size solar cell components in an energy generation system
* Creation of a simple system(s) model
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Second Assignment Sheet for Remote Pumping Station System Project after PITCH

DATE: October 1, 2013

TO:  EASCI1107 Students

FROM: Representative for McKim & Creed, Inc.
RE: Design for Renewable Energy System

McKim & Creed, Inc. has hired you to assess the feasibility of using a renewable energy
system to deliver water to a remote town in Nepal. One of the alternatives to be considered is a
pumping station powered using a renewable energy system that includes a solar cell array, an
electrolyser, and fuel cells (see figure on following page). Water at the pumping station is stored
in a supply tank that is supported by a base elevated 40 ft from the ground. Design requirements
are listed below.

*  Supply water for a town in Nepal with a population of 15,000 people;

* Assume per capita consumption rate of 50 liters of water per day per person;

* Store water in a reservoir tank with enough capacity for a three-day supply of water;
* Design a self-sufficient pumping station;

e Supply no external power to pump the water to the reservoir tank.

Because the company has limited experience with this type of system, McKim & Creed has
instructed you to conduct experiments using different components of the system. Based on
experimental results, determine the following:

* Current generated by solar cell;
* Hydrogen production using the solar cell & electrolyser unit;
* Hydrogen consumption by the fuel cell.

The company (instructor) will provide you with details of the experiments used to
characterize the behavior of the fuel cells, electrolysers and solar cells.

Draft a memo to McKim & Creed that addresses the following:

* Renewable energy system specifications including dimensions of the reservoir tank,
hydrogen and power requirements;

* Recommendation as to the feasibility of the renewable energy system;

* Discussion of design calculations including assumptions;

* Brief explanation of how the fuel cell works and the potential of using hydrogen as
energy source.

* Future work to be done or alternative to the design.

Since other engineers in the company will review all designs submitted, include the
following supporting documentation as attachments to the memo:
* Systems Diagrams (hierarchical, context and functional flow diagrams)
* Experimental data tables
* Spreadsheet of your design calculations.
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Second Assignment Sheet for Remote Pumping Station System Project before PITCH

Project Description

You have been assigned to design a pumping station in a remote area to deliver water to a
nearby town. The pumping station is to be powered using a renewable energy system including
solar panels, an electrolyzer, and fuel cells. Water at the pumping station is stored in a supply
tank that is supported by a base 40 ft in elevation from the ground. The use of solar energy to
power a pumping station is currently being developed and used in Nepal. The pumping station
will be designed to supply water for a town in Nepal with a population of 15,000 people. A
conservative per capita consumption rate will be assumed for design purposes; namely 50 liters
of water per day per person. Water will be stored in a reservoir tank with enough capacity for a
three-day supply of water. The pumping station must be self-sufficient and it must require no
external power to pump the water to the reservoir tank. See figure on next page.

To assist you in the design of your remote pumping station system, each group will conduct
experiments using different components of the system. Experiments include the following:
* Determination of the current generated by solar cells
* Determination of hydrogen production using the solar panel & electrolyzer unit
* Determination of hydrogen consumption by the fuel cell

Details of the experiments used to characterize the behavior of the fuel cells, electrolyzers
and solar cells will be provided.

Technical Memo Requirements (Minimum of 3 pages)

Technical Memo Content:
* Introduction

o Brief discussion of hydrogen as renewable energy source, including applications.

o Motivation for the project with sufficient information to orient the reader as to the
overall scope. Describe some of the content to follow. Do not assume that the
reader is familiar with the subject area. Be sure to clearly state the problem.

* Main Body of the Paper (use appropriate headings and sub-headings)

o Explanation of how fuel cells work

o Describe interactions of system with internal components and environment.
Verbally describe the attached system diagrams (hierarchical, context and
function flow block diagrams) Attach diagrams in appendix.

o Explanation of experiments conducted, data collected and summary of results for
each experiment.

o Calculate solution of system. Show step-by-step calculations. Discuss any
assumptions made and their validity. Explain how the results from the
experiments are used in the design.

* Conclusion
* Citations-references-websites
* Appendix

o Raw Data Collected in Experiments

o (3) Diagrams

o Calculation spreadsheet
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EASC 1107: Introduction to Engineering

Grading Rubric for Remote Pumping Station System Project

Dimension

Expectations

Overall Quality
of Memo (20%)

Heading (5%)

Summary
Paragraph (15%)

Relevant
Background
(15%)

Discussion of
Design
Calculations
(20%)

Recommendations

(10%)

Graphs and
Tables (10%)

Attachments
(5%)

Organized paragraphs.
Precise & consistent terminology.
Proper use of units and notation; e.g. mL not milliliters

Complete heading according to guidelines.
Includes date, recipient, sender (author), and subject line.
Precise subject line.

Concisely addresses readers’ questions.
Rephrases the primary question as a statement to open the memo,
followed by secondary questions/results and important conclusions.

Discusses hydrogen as renewable energy source.

Explains how fuel cells work.

Discusses how system diagrams are used in designing the system.
Explains purpose for each experiment conducted.

Includes schematic of renewable energy system.

Explains calculations and relevant equations included in explanation.
Identifies assumptions.

Summarizes results from experiments and explains how results are used
in design calculations.

Recommendations based on data presented.
Comments on feasibility of the renewable energy system.
Discusses future work to be done or alternative to the design.

Tables are organized and summarize pertinent data.

Graphs/figures and tables are labeled by number with captions.
Captions for tables are above table and captions for figures are below
figures.

Includes list of attachments at end of memo.
Labels each attachment.
References attachments in memo.
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Overall Grade

Percent Grade
Technical Memo 50%
Spreadsheet & Design Calculations 30%
Experimental Data Used 4%
Schematic Diagram 1%
System Diagrams (3 Diagrams, 5
pts. each) 15%

TOTAL GRADE
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