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l. Introduction

Welcome to the Real World Design Challenge. This handbook is designed to provide
information that you will need and help you work through the Challenge.

The Real World Design Challenge is a competition for team§ diigh school studentsin the
Challenge, you will designlight sport aircrafto meet the parameters set out in section three
of the handbook. You will use professional software toolsgetdo collaborate with mentors
from industry, government, and academia.

The next section will give you a basic overview of what you will do to participate in the
Challenge. The sections after that provide more detail on each of the tasks you wilicnee
accomplish.

The competition will take place in two rounds. First is the state level. If your state is not
officially participating this year, you can still do the Challenge, but you will be competing against
all the other teams whose states aretrafficially participating in a single category.

The best team in each participating state and the best team among thefimnally

participating state moves on to the National Challenge. You will get an additional problem that
builds on the first om along with an alexpensegaid trip to Washington, DC to compete in the
national finals.

Keep checking our websitevw.realworlddesignchallenge.orfpr updates along with the
getting started pagevww.ptc.com/go/rwdcgettingstarted If you get stuck, you can always
emailyour questions tavww.ptc.com/go/academiesupport
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[l. Instructions

These instructions lay out the basics of what you will be doing in the Real World Design
Challenge.The rest of the guide will fill in the finer details.

Register

Registration is easy. Teachers register the whole team7oifigh school students. And you
KIS G2 NBIA&AGSNI F2NJ G6KA&a @SIFNRa / KFffSy3as

Just go tovww.realworlddesignchallenge.orgnd choose sign up from the menu on the left
Once you sign upoy will get an email invitation to Windchill, which is a wedsed
collaboration environment for all your teams work and informatiofou may register as many
teamsas you like!There is no limit to the number you may register. You may have students
from different schools but all students must be from the same state.

Also, please fill out the student surviitp://www.surveymonkey.com/s/2012RWDCStudent

Andtake a look at the RWDGetting Started Pagévww.ptc.com/go/rwdcgettingstartejl
Throughout the RWDC virtually everything you need will be avaitabtee Getting Started
Page or in your Windchill projedit{ps://rwdc.ptc.com). The Getting Started Page is the place
to go!!! You should go to the Getting Started Page dalsw material will be continually
postedthere.

Note: only teams that registered for tiRWDQ@ompetition will have access to Windchill.

Contact your state coordinator and mentor

When you get started, you should contact your state coordinator. This person is a resource
about the RWDC in yourage. You can find them by going to tRarticipating gtes pageon
www.realworlddesignchallenge.oand selecting your state. If your state is not one of the
officially participating states, you wilegthis information throughwww.ptc.com/go/academic
support.

You will also need to find a mentor. Go to the Getting Started page
(www.ptc.com/go/rwdcgettingstartedland click the link Find a Mentor to Help Your Team. You
will download a document of mentors. Use this to find a mentor and try to set up a phone
conference with them right awayt is important that you begin working wh your mentors
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right away! They will help you formulate your plan of action, provide content expertise and be
@2dzNJ 1 S8 NBaz2dzNOS® 52y Qi 41 AlG dzyGAf &2dz KI @S
your mentors now! New mentors will be added tceetpage so keep checkifgr people you

want to work with.

Please be courteous with your mentors. If you decide that you no longer need a specific
mentor, please let them know so that they can help other teams.

Getting Started

Once your team is registedeyou shouldollow the steps outlined on the RWDC Getting
Started page www.ptc.com/go/rwdcgettingstarted
2011/2012- RWDC Getting Started Page

What should my team do to get started?

Step 1:Register your team for the 2011/2012 RWDC Competition

1 Reqister for the 2011/2012 RWDC Competition
Step 2:The easiest way to get your team prepared for thiallEnge is to review the RWDC
Coaches Handbookhe handbook will outline the details for this challenge and what your

team is expected complete.

1 2011/2012 RWDE@roblem Statement
1 2011/2012 RWDQeacherloaches Handbook

Step 3:As with previous years, the success of a team to solve the given challenge is through the
partnership of a mentor.To help your teaniind a mentor, the RWDC committee has authored
a menta spreadsheetlivided by theY' S y (i @& édldfiexpertise Please review the
spreadsheet and contact a mentor to get starteédontact a mentor as soon as possible
1 Find a Mentor to help your team?

Step 4:Access PlanetPTC and build networks with fellow team members, review discussion
board, blogs, documentnd videos.

1 RWDC Social Community site
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Step552 ¢yt 2R GKS a2F0G 61 NS LI AOFGA2ya GKIG 6A

1 RWDC Software Applications
1 Then email rwdc_support@ptc.comto get the softwareproduct codes Please
specify how many computergou will be installing the software on.

Step 6:Complete the RWDC Getting Started Courses

All teachers and students should go through the R\2@/2012Getting Started Coursefhe
O2dzNES A& RSAAIYSR (G2 LINBLINB &2dz F2NJ GKAa &S

There are two RWDC Coursg&sachersnay take them form graduate credit offered through
Framingham University. Each course is three credits. The cost for each credit hour is $300.
Some states are offering the same course for CEUs (continuing educatish Uinifind out if

your state is offering CEUs contact your RWDC State Coordinator. These are listed on your State
Page.

Teachers and studentsay take the courses without credit or CEUs. Simply go to the course
and go through the activities.

1 2011/2012 RWDC Course

Step 7:Student SurveyPlease have parents or guardians of participating students review the
parent information form and the students complete the folloisurvey.

1 Parent Information Form
1 Student Survey
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2011-2012- RWDQChallenge ResourcesNew Resources are added all the tinggkeep
checking to see what is new!

RWDC Installation VideosTeams will be using a range of products duringghs I NI &
competition. To assist team with installation procedures, please review the videos below
for assistance.

1 Installing Creo Elements/Pro Student Edition for RWDC
1 Installing Mathcad Prime 1.0 Student Edition for RWDC
1 Installing FIoEFD Pro 10.1 and FIoEFD Mechanica Bridge 10.1 for RWDC

Training and Support Resources

1 PTC University PrecisionLMS

Downloadthe RWDC Challenge KiT his kit is what will be used for the RWDC course and
challenge.The kit contains all the messary Mathcad worksheets and specified material files.

For assistanceyo toplease send your questions vavw.ptc.com/go/academissupport If you
have additional questions go tavdc_support@ptc.comnor visit the RWDC home page
www.realworlddesignchallenge.org

Archives-

1 2010/2011 Real World Design Challenge Getting Started Page
1 2009/2010 Real World Design Challenge Getting Started Page

To download thesoftwareapplicatiorsti K+ G gAff 0SS dzaSR Ay GKAa &S|
above.
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Trainon the software

Now that you have the software, it is time for teacharsl studentgo do basic training o the
various software packages that the RWDC provides you Wting though the RWDC
2011/2012Coursswill introduce you to the software used in the Challeniyet only will this
course provide a good foundation for the challenge, it will also introduce you to all the
applications used in the challenge.

And if you get stuckr need some helplease send your questions to
www.ptc.com/go/academisupport

Solve the problem

Once you have the softwam@nd have gone through the RWDC Cour8e®,dzQ NB  atBe R& (i 2
the Challenge. The Challenge Statemisnposted on the Resources menu on
www.realworlddesignchallenge.org

Submityour solution

Once you have completed the Challenge, you submit it through WindcliBend a copy to

your RWDC State Coordinat&tate Coordinators are listed on your State Page. For those of

82dz 6K2 INBE Ay GUKS GLYRSLISYRSya {aGFdGdSe¢ OFGS3z
Coppola at:rcoppola@ptc.com

You will compete with all of the other teams in your stdfg/ou come out as the state
champions, you win an adixpensespaid trip to Washington, DC to compete in the national
finals. You will receive an additional Challenge that buitdthe state challenge, which you will
present in Washington in April.

Help

If you need help with anything, we have a number of resources:
T RWDQ011/2012Courseg; These prepare you for the Challenge by providing
preparation in the use of the software amah introduction to aeronautical engineering.
1 The Teacher/Coache&uider Contains the information you need to participate in the
Challenge
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T Training Videos Posted on the Getting Started Page
(www.ptc.com/go/rwdcgettingstartedland @ver the technical skills you will need to
complete the Challenge

T Technical Support Submit your questions to PTC througivw.ptc.com/go/academic
support

T Mentorst Mentors provide content support to teams. They are not responsible for
technical support which is provided by PTC.

1 State Coordinators Participating states havea State Coordinator who serves as an
intellectual resources for the Challenge. Find yoursdiggyto thestates page, finding
@2dzNJ a4l 4GS FYyR 32Ay3 G2 @2dzNJ aLISOATAO adl i
information will be on the state pagé.you are in an Independent Stabe if your state
does not have a State Coordinatomd you need help ontact Dr. Ralph Coppoé:
rcoppola@ptc.conor at 703298-6630
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lll. The Challenge

FY12 RWDC STATE CHALLENGE STATEMENT

Background:

In September of 2004, the FAA approved a new category of aircraft called Light Sport Aircraft (LSA). This
category is a new classification of simple-to-operate aircraft with less demanding pilot and aircraft
certification requirements. The LSA movement is opening the world of flight to more people through
lower cost of ownership and operation.

In addition, with the political, environmental, and economic consequences of fossil fuel consumption, the
transportation industry at large is compelled to “go green” in order to reduce dependency on these
increasingly costly energy resources.

The Challenge:

The challenge is to design an efficient, low-carbon-emission and environmentally friendly personal light
sport aircraft. The aircraft must accommodate two team members and fly 200 miles in less than two
hours at a cruise altitude of 1000 feet above ground level (AGL) minimum.

For the State Challenge, teams will perform aerodynamic, propulsion, sizing, and weight estimation
analyses to optimize wing geometry and minimize fuel consumption. Teams are to write a 2000 word
essay on what they would see and do given the opportunity to fly their design across the country.

The Final Design Must:
1. Follow FAA design criteria for Light Sport Aircraft: http:/www.faa.gov/aircraft/gen_av/light_sport/.

2. Document design details including:

a. Aerodynamics Analysis (# , # ,# versus angle of attack, AOA). # is the aircraft coefficient
of lift, # is the aircraft coefficient of drag, # and is the aircraft coefficient of moment.
Power Loading
Wing Loading
Airplane Sizing
Engine Sizing and Selection
Wing Geometry
Airfoil Selection
Tail Geometry
Fuselage Geometry
Weight Estimation
Material Selection for Wing

AT T SQ 00T

Objective Function:

Minimize the objective function ( | [} which is the aircraft cruise efficiency, for the flight mission to fly two
team members 200 miles in less than two hours by varying specified design variables without violating
constraints:
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R8s L=~

Where

L Fr/ F 4 Frr-” I r
T T Zt 2 m

T is the aircraft cruise velocity, z is the density of air, 4| is the wing planform reference area, ¢ is the
aircraft weight, and 4 is the wing span. gis the Oswald’s efficiency factor which can be estimated from
the empirical equation, g 8 8 ==| 8 8 |, for straight wing aircraft with normal aspect
ratios, or with computational fluid dynamics (CFD) software. = =| is the wing planform aspect ratio.
Weight will be estimated with Mathcad and Mechanica methods. See reference on flight efficiency listed
below for background on equations.

Design Variables:

1 Wing area
Wing aspect ratio
Wing taper
Wing sweep
Wing twist
Root and tip airfoil shapes
Wing placement
Power plant selection
Fuselage selection
Wing material selection

=A =4 =4 =4 -4 -4 A -4 -4

Constraints:

1 A maximum takeoff weight of not more than 1,320 pounds.

1 A maximum airspeed in level flight with of not more than 120 knots under standard sea level

atmospheric conditions.

1 A maximum stalling speed (or minimum steady flight speed without the use of lift-enhancing
devices) of not more than 45 knots at the aircraft's maximum takeoff weight and most critical
center of gravity.

A maximum seating capacity of no more than two persons, including the pilot.

A single reciprocating engine or electric motor.

A fixed or ground-adjustable propeller.

A non-pressurized cabin.

Fixed landing gear.

Not to exceed material allowables for ultimate load condition (6g’s) at maximum cruise speed at
sea level.

1 A minimum skin gage of 0.032 inches.

=a =4 =8 8 —a -8

Assumptions:
1 U.S. Standard Atmosphere and Standard Day conditions with no winds aloft.
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1 Other active design elements (i.e. propeller sizing) will be managed by supporting worksheets
and Mathcad methods.

Resources:

1 UIUC Airfoil Coordinates Database: http://www.ae.illinois.edu/m-selig/ads/coord_database.html
1 CAFE Foundation Green Flight Challenge and Resource Library:

0 http://cafefoundation.org/v2/gfc_main.php

0 http://cafefoundation.org/v2/tech_lib.php
1 Landmark paper in flight efficiency:

http://cafefoundation.org/v2/pdf tech/MPG.engines/AlAA.1980.1847.B.H.Carson.pdf

1 NASA — Green Aviation: http://www.nasa.gov/centers/ames/greenspace/green-aviation.html
1 The RWDC Support Site with FAQs, tutorials, Mathcad modules, material allowables, library of

available
0
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