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ABSTRACT

The field of Mechatronics has grown rapidly ovee tlast 20 years. More corporations are requiring
employees who have interdisciplinary knowledge arperience in both the electrical and mechanical
engineering fields. Penn State recognized the fardddividuals trained in these areas and develapé
year Mechatronics program. This program is a Blackeof Science degree in Electromechanical
Engineering Technology (BSEMET). In the seniorryefathe BSEMET program, students take a senior
design capstone course EMET 440. This course peevah opportunity for students to work on an
interdisciplinary real-life project and gives thémst-hand knowledge of project management prirespl
Each student is given a budget of $1000.00 to cetaphe project and is required to justify expamnei.
Student design teams are expected to meet witbrsiwiulty advisors who monitor design progress and
act as consultants. Having had courses coverigrelal, mechanical, and computer control, stuglent
have chosen alternative energy applications suatira® energy and solar energy for their senior glesi
capstone projects. This paper describes the sudbes Penn State has had in training students to
complete senior capstone projects related to atemenergy applications.
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1 INTRODUCTION

From Stockholm to Beijing, electromechanical systeand subsystems are replacing strictly electdcal
mechanical systems in a wide range of products modesses.  Hydraulic, pneumatic, and other



mechanical systems once dominated applications régatired speed, power, and reliability. These
systems met the challenge and have proven themsselxer many years of refinement. Things have
changed rapidly even in the last 10 years. Hyblattromechanical systems are finding their wag int

even the most staunch mechanical domains. Elabaatl costly drive trains, gear drives, and
chain/sprocket systems are being replaced by sgnizad servo drive systems allowing for more cost
effective and flexible solutions.

The word Mechatronics was conceived in the lateDX9@hen the Yaskawa Electric Company of Japan
had a vision for the integration of mechanical atettrical technologies [1]. Many Universities bav
adopted this term and are now offering degrees @chdtronics. These programs all have one goal in
common. They recognize a need for the graduatee toultidisciplinary in both skill and knowledge.
Often, students are required to “put it all togethsy taking a senior capstone design course. &hes
courses allow students to exercise the training lamalvledge received in an exciting and creative
environment. The design, administration, and assest of these courses is critical to achievindityua
graduates.

2 PENN STATE'S EMET PROGRAM

2.1 PROGRAM HISTORY

Penn State has more than 100 years of historycimieal training in Pennsylvania and has sought to
remain up-to-date with the latest technology amsmms in the fields of engineering and engineering
technology. The Penn State Altoona College isar#8 Penn State locations throughout Pennsylvania.
In the early 1990’s, Penn State conducted resaarchMechatronics degree program. The title gieen
the program was Bachelor's Degree in Electromedadiiingineering Technology (BSEMET). The title
Electromechanical was used instead of Mechatroni€se term Mechatronics was more familiar in
European and Asian countries but not as familigheUS. Informal surveys were conducted by Penn
State and showed strong interest from studentsnalustry leaders. This led to a formal survey iarth
1993 for the Penn State Altoona service area. résdts of this survey found that an overwhelmidgo

of the survey respondents projected a need forugtad of a BSEMET type program over the next five
years. In addition to that, these same companiggqied that 70% of existing engineering positions
were suitable for BSEMET graduates.

As a result of the strong interest from currentieegring technology students and an overwhelming
interest from industry, Penn State Altoona impletednthe Bachelor's of Science degree in
Electromechanical Engineering Technology Fall 198 the first class beginning in fall of 1995. &h
first graduates of the BSEMET program began ergehe work force in spring 1997.

2.2 PROGRAM GOALS

The primary aim of the Electro-Mechanical EnginegriTechnology program is to provide graduates
with the knowledge and skills necessary to applyesu methods and technology to the development,
design, operation, and management of electro-méudilasystems. The program is specifically intended
to prepare graduates for careers in industries evhetomated systems are used and to prepare ththm bo
to meet current challenges and to be capable afiggowith future demands of the field. Specific
educational objectives of the program are to:

» Provide graduates with a broad knowledge of eleslfrielectronic, mechanical, instrumentation,
machine technology, computer applications, androtsmapplicable to electro-mechanical systems.

* Prepare graduates who can apply technical knowleédgthe development, operation, control,
troubleshooting, maintenance, and management cffeleechanical systems.



» Prepare graduates who can communicate effectivedlyveork collaboratively in multi-discipline
teams.

» Prepare graduates who are productive professiomégehnical careers and who continue to adapt to
changes in the technical fields.

2.3 FACILITIES

The primary facility for students enrolled in th&BMET program is a 15,000-square-foot engineering
building that has two state-of-the-art classroomd five engineering laboratories. In the CAD/C/Asib |
students are trained in the use of AutoCAD and Rgateer. Students engage in engineering design and
learn to create solid models. A Stratasys DinendRapid prototype machine using fuse deposit
modeling (FDM) creates a three dimensional plastid that provides real world feedback. A machine
shop/chemical laboratory is used for general maegirfoundry; chemical etching and printed circuit
board fabrication. There is a manufacturing latmysafor robotics; programmable logic controllers;
computer numerical control; CAD/CAM; flexible mamgturing systems; and computer-integrated
systems. A project laboratory allows students tdldbprojects and includes a four-ton hydraulic
equipment lift; access to the exterior; space fa tlesign and construction of student projects, and
benches with variable power supplies. A contral®latory is used to facilitate digital I/O andauatic
control hardware experimentation; pneumatic/hydcaigichnology; stepper/servo motor technology; and
temperature, pressure, flow, and volume processalatations; Finally, a communications laboratsy
used for data/information transfer and controladaimmunications; fiber optics; and networking.

2.4 INDUSTRY SERVED

Program graduates from the EET, MET, and BSEMET@ms were surveyed in December, 1999 and
January, 2000 to determine the graduates’ satisfautith their programs, employment status, jolesit
and responsibilities, helpfulness of their edugstimitial and current salaries, and further edioce
plans. A full report summarizing this informatiétom graduates and employers is presented under a
separate cover. This report is based on the resgoof 29 alumni of BSEMET from Altoona (27) and
New Kensington (2), and 10 employers (9 of Altognaduates; 1 from New Kensington).

The major findings of the 1999-2000 survey of BSEIM§faduates and employers include:
* 96.5% of respondents were employed in Engineeraahiiology or Engineering.
» The most common job title for initial jobs were @t Engineer (17.8%) and Engineer (17.8%) followed
by Manager or Supervisor (14.3%), Designer (14.386) Process Engineer (14.3%). Almost half had
initial salaries of $40,000 or more (48.2%).
* Manager or Supervisor (31.2%) was the most comnitten @¢f current positions followed by Project
Engineer (25%). The current salaries of most nedpnts (78%) was over $40,000.

3 CAPSTONE COURSE EMET 440

The electromechanical engineering technology baccehte program at Penn State Altoona includes a
senior capstone design course, Electromechaniagin&sring Technology 440 (EMET 440), currently
one (spring) semester (fifteen weeks) long, eartiimge credits. The PSU catalog entry for the aurs
(http://cede.psu.edu/StudentGuide) reads:

EMET 440: Electro-Mechanical Project Design (3 @®d Planning, development, and
implementation of an electro-mechanical designgatojvhich includes formal report writing,
project documentation, group presentations, angg@rdemonstrations



3.1 GOALS AND OBJECTIVES

The goal of EMET 440 is to demonstrate the abtlitynanage, as a team, a major project involving the
planning, design, development, and implementatibra gorocess or product. This project will be
interdisciplinary including electrical, mechanicahd computer control elements. Students are rexd)tir
select projects that are have strong electronieschanics and computers/microprocessor elements.
Typical projects from past course offerings includ#ectromagnetically-levitated trains, obstacle-
avoiding or path-following robots, a multi-leggedalking robot, an electric passenger vehicle and
infrared-sensing paintball-armed radio-controllattle tanks.

3.1.1 Class structure

The structure of the senior capstone course EMHETig4ery different from a traditional design caairs
The faculty supervisor for the course plays thes rol an engineering manager more than a teacher
addressing a class. Each student is given a biod@dt000.00 to complete the project and is requice
justify expenditures. Each week, the faculty supger meets individually with a student team. Toal

of the meeting is to review the progress studeate hmade over the past week in their project and to
provide an opportunity for extended design review.

3.1.2 Team Environment

Working in a student team environment is one ofrtiege challenging tasks the faculty advisor engages
in. Teams of two students are most typical. Whenteams have three or more involved often the
quality of the work diminishes and it is more diffit to supervise progress of each member. Thdtfac
advisor often discusses team related issues aisdasgch mentor and coach to provide direction and
guidance during points of tension between team reesab The faculty advisor also monitors team
activity to ensure that energetic individuals do get carried away and do everything themselves.

4 ALTERNATIVE ENERGY APPLICATION — WIND ENERGY

4.1 WIND ENERGY PROJECT

The overall goal of the project is to design anddoa wind turbine, place it into service on campasd
tie the power output to the power grid. This pcojes to be carried out by teams of EMET students —
possibly over consecutive years

4.1.1 Project Requirements and Restrictions

The performance goal for the project was to consteugenerator capable of producing a reasonable
guantity of energy relative to typical home usedd00 kW-hrs per year. Given that the average wind
speed near our campus is 11 mph, it was deterntivagdapproximately 2250 kW-hrs per year would be
produced by a 1 kW generator. Given the budgestcaimt of $1000, a small wind turbine size was
necessary; an electrical power output of 1 kW \aageted.

Another aspect of the desired performance is tlilgyato operate either as an isolated power system
connected to the power grid. This will require iiddal power electronics, as shown in the block
diagram of Fig. 1.
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Fig. 1. Block diagram of the wind energy project

Another important aspect of the project relategpéoformance is the location, or siting of the togbi
Ideally the system would be located in an area w/itegre are no physical obstructions. On our campu
however, trees and buildings complicate the sitecen process. Following small wind turbine rsifi
guidelines, we determined that the turbine shoelglaced approximately 30 feet above the highest tr
in the area. We chose a rather remote locatioimtghe engineering buildings where there is ample
room for the tower and guy wires. The highest tnethis area is about 70 feet high, and due t® e
have concluded that our tower will be about 100 fegh.

Zoning issues were investigated, and it was detexthihat a building permit would be required sitiee
tower was over 20 feet high.

4.2 DESIGN

After establishing the performance objectives @& ghoject, the student team reviewed several micro
wind turbine projects that had already been coragletFrom this review, the design a standard 3eblad
turbine of 8-foot diameter was determined to berayate for the project needs. The speed at maxim
output power is 600 RPM. The turbine blades aosvehin Fig. 2.



Fig. 2. Turbine blades for student wind energy prject

With the blades selected, the most important aspfettte project is the design of the electric gatmt

A permanent magnet generator was selected dueséoodaonstruction and relatively low manufacturing
cost. To match the relatively low rotational speeith power requirements, a disk-type machine is
generally preferred in wind turbine applicationst@id gearing between the turbine and generaiith

this in mind, a 12-pole dual-rotor axial flux geater design was selected. The generator congisigo
rotor disks sandwiched around an ironless statotaoning the phase windings. The NeFeB permanents

magnets are arranged on both rotor plates to foth@ole machine. One half of the dual rotor asdem
is shown in Fig. 3.
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Fig. 3. Arrangement and dimensions (inches) of rot.

The dimensions of the air gap and magnets weretedl®ased on several criteria. First, to keepnetag
cost to a reasonable level, a standard magne{diension shown in Fig. 3) was selected. In aoialjt

to optimize the use of the magnets, it is desirébleperate them near their maximum energy produrct.
lieu of time-consuming finite element analysis ok tmagnetic system, an approximate magnetic



equivalent circuit, as shown in Fig. 4, was useddtermine the magnetic set point of the systemtiaad
air gap dimensions. [Fitzgerald et al., 1990]
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Fig. 4. Magnetic circuit for generator pole pair.

Applying Ampere’s law around the flux path of agmpole, as shown in Fig. 4, the mmf of the flattp
in the absence of external excitation is:

Holg tHy
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whereH, and H,, are the magnetic field intensities of the air gaf magnet respectively. Similarll,

andl, are the length of the physical air gap and the reagair thickness (0.5 inch per magnet, or 1 inch
per N/S pair), respectively.

The flux in the magnetic circuit must be constanthie loop so that

B =

g B - )
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whereB andA are the magnetic flux densities and cross-sedtiaras, respectively of the magnet and
air gap.

Combining (1) and (2) , we gain a representatiorttie operating point of the magnetic system based
the cross-sectional area and length of both thenetaand gap.

Hm:__Bmil_g (3)
o Ayl

Given the Neodymium magnet’s residual flux dendit T and coercivity of 950,000 A/m , we can
describe the magnet B-H curve by:

H = Bno12 @
Ho

The simultaneous solution of (3) and (4) yields thagnetic set point in the absence of external mmf
sources. Given the magnet dimensions, and assutmdghe air gap cross-sectional area is 50% farge
than the magnet due to fringing, the length ofdhe is selected to be equal to the magnet thickemss
that the magnetic set point is near the maximunrggnproduct. With I, = |, andA, =15A,, the

permanent magnet flux density is 0.72 Tesla, aadthgap flux density is approximately 0.5 Tesla.



With the air gap flux density set point determindte stator coils may now be designed. The desired
generator output voltage is approximately 50 V rm$he air gap flux density may be described
mathematically by:

B, = 05sin(at), (5)

where a is the electrical frequency (377 rad/sec. at 6BMR Faraday’s law can be used to determine
the number of turns required to produce the desiodtdge:

dB

e=NAy; d_tg , (6)

wheree is the peak voltage output of the generalbis the number of coil turns, and,; is the cross-

sectional area of the coil. From (6) it was detaad that 220 turns would generate 80 volts peakfos
(rms). Each phase of the generator consists ofl$ af 220 turns each connected in parallel, st eail
must be capable of carrying 1 A to meet the desitédating of the machine. Therefore, 21 Gaugeswir
was used to form the coils. Given the parallelfigpmation the six coils constituting a phase, tbtal
phase current rating is 6 A.

Another important design factor is to determineltssls affecting the turbine. The area surrountieg
site consists of several buildings as well as peideswalkways. For this reason, the tower needset
stable such that no harm can be done to studentSeobuildings. We have conducted an analysis
regarding the loads on the turbine to ensure tbhpgsrsecurity of the turbine to the tower and fribm
tower to the ground.

4.2.1 Test and Verification

The generator will be tested by connecting a DComtat the generator shaft to act as prime movera A
speed of 600 RPM, we expect to see a balanced $platage of 56 vrms line-to-neutral at the output
However, given the approximations used to designniagnetics, provisions have been made to adjust
the air gap length to make small adjustments toahegap flux density, and therefore to the output
voltage magnitude. Once the output voltage isfieeriand adjusted as necessary, the generatobavill
loaded by a resistive bank to a level of 1 kW. Tdsal test will verify acceptable thermal charasters

of the generator design.

4.2.2 Budget

A total of $1500 dollars was provided to compldte project - including all materials necessaryrece

the turbine. The total rotor cost was $230, wi$80 dollars was spent on the 24 neodymium magnets,
and $100 for the 5/8 inch steel plate for the rdtackiron. The stator cost was $100 for the stetdr
wire. Approximately $200 was spent on steel pipednstruct the alternator mount. The slip ringt th
we purchased was $90. Pipe for the tail frame ®%&80. The tower and guy wires will cost
approximately $400. Batteries, rectifier and tfanmser for the system will cost about $300. When
everything is purchased we expect to be just within$1500.

5 CONCLUSION

This paper describes activities and work related wind energy senior capstone course project.reThe
are a variety of other alternative energy applaratprojects this semester. These include two Hybri
vehicle projects, a bio-diesel project, and a sreedlle fuel cell project. Students are very irgeye in
alternative energy and programs like Penn Stateoflt's BSEMET program are good resources in
providing the knowledge and training to meet theadeds of society.
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