
Each Year we feature the accomplishments of an outstanding high school student in this newsletter. A nation counts on students like this to contribute to its healthy future.
From the early 90ties, in the days when Guy Davis was president of the EEVC, the EEVC has participated in the annual “end of the [image: image1.png]
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year” meet of the Southeastern Pennsylvania Physics Olympics League.  We traditionally have awarded a special plaque to the student (or team of students) in the electric car event who designed and constructed the best overall competitive electric car. The award is presented in honor of Ron Groening who was a life long member and officer of the EEVC.  Mr. Groening passed away several years ago. He was an engineer for a division of GE, later purchased by Lockheed Martin. 

The Southeastern Pennsylvania Physics Olympic League hosts three meets per year. Eight to twelve high schools from the Delaware Valley yearly compete in these meets. In every meet the students are presented individual textbook type problems to solve, competitive lab activities to complete, on site team type projects (utilizing physics and engineering), and several challenging “build it at home” projects which must brought to the meet in “ready to go” condition for competitive events. Team points are earned in all events. Team trophies are presented to the highest scoring three teams at the end of the season. The top three “build it at home” events receive gold, silver, and bronze medals.

The Electric Bowling Car Event
In order to keep creativity and innovation alive, and to prevent future students from repeating the work of previous students, the team of physics instructors responsible for creating the annual events, revise the guidelines, rules, and regulations each year.  For the year 2014 the objective of the electric car event was to successfully design a vehicle capable of knocking down ten 2 liter plastic soda bottles that were set up like bowling pins. The name of the event was fittingly referred to as, “The Electric Bowling Car.”

Typical of each year’s electric car event, the number and size of batteries, the type of DC electric motor, and related specifications are established by those responsible for running the event. The rules and regulations for this year’s event were submitted by Interboro High School’s veteran coach, Marian Venturini. This year contestants were limited to one small D.C. motor (Pitsco catalog# W54428) and one 9 Volt alkaline battery to power movement.  Unlimited gears and belts could be incorporated to link the motor to the wheels. No kit cars or professionally sold expensive parts (such as ball bearing wheels) were allowed.  The maximum over-all dimensions of the bowling car were limited to ½ meter by ½ meter by ½ meter.

Scoring was based upon the number of bottles knocked down by a car in two attempts. Each school was allowed to have four runs at the ten “bowling pin bottles,” set up 7 meters distance from the starting line. The number of pins knocked down in the best two of the four runs, were totaled for each team. Unexpectedly two high schools each knocked down 20 pins in their best two runs resulting in a tie for first place. 

EEVC Guidelines for 
The Overall Best Car, Groening Engineering Award
Our selection for the “Overall Best Car and Ron Groening Engineering Award” does not necessarily have to be the winner of the electric car event. Sometimes a poorly designed car wins the race while a superior designed and crafted product suffers bad luck. We not only consider performance when picking our special award winning car, but we also look for excellence in engineering design and construction. This year our award went to a car, which, in addition to being well designed, actually placed first in the event, tied with another car. 

The Winning Student and His Bowling Car
Aaron Haegele, a senior Advanced Placement Physics student from Cinnaminson High School, designed and constructed a car, which, according to Aaron, took about three weeks to complete. The “bowling car” chassis was constructed out of a flat sheet of balsa wood. Aaron used eye-hooks on the underside to hold the front and rear axles. These axles held relatively small toy car wheels on each end. The rear axle with its rigidly attached wheels turned as a unit. In the center of the axle was a pulley. Aaron cut out a slot in the center of the chassis floor that allowed a rubber band to go around the rear wheel drive pulley. The front end of the rubber band belt extended forward to the motor axle. The motor was secured to a cross piece of wood that ran perpendicular to the cut out slit in the floor. Aaron could move the motor (which was attached to the cross piece) forward or backward to adjust the tension in the rubber band. The rubber band transferred power from a smaller pulley on the motor shaft to the pulley on the rear axle. Adjusting the tension on the rubber band belt drive allowed some variances in vehicle speed. The crosspiece holding the motor was held in place by a small C clamp. By loosening the C clamp the crosspiece could quickly be moved to another position and then retightened to hold it in place. This mechanism allowed easy and quick adjustment of the belt drive tension.

One of the problems that Aaron had in the early stages of development occurred when (for ease of construction) the drive pulley had been positioned on one side of the axle, closer to one wheel. This arrangement caused the car to track unevenly and pull to one side. When Aaron centered the pulley on the axle, midway between the two drive wheels, the car went straight.

One would think that the faster the car could move the better. Higher speed provides more kinetic energy for knocking over the pins. But, the speed of the cars greatly affected their linear stability on route to the pins. High-speed spinning wheels on these home made cars frequently sent them off course in unpredictable fashion.  Some cars never came close to hitting a bottle, let alone hitting “the pocket (a bowling term).” And, after a few high speed cars hit their first pins, they sometimes spun out in circles before they could knock down the rest of them. In many cases a slower speed worked better for maintaining a straight path to the bottles and continued to work effectively as the car made its way through the falling bottles.

Speed of these model cars can easily be controlled in two ways. 1.Through application of different gear ratios, pulley sizes, and wheel diameters between the motor and the wheels. 2. By varying the motor voltage. 

Most students usually experiment with different gear ratios and wheel sizes and vary the gear (or pulley) sizes until they achieve a balance between torque and speed.  But since the voltage to the motor also controls speed, playing around with different batteries can also alter the speed of the vehicle by varying the speed of the motor. Aaron chose to vary his voltage rather than experiment with variable pulley sizes. Testing before the event indicated that 8 volts (from the nine- volt battery) provided his car with its most favorable speed.

EEVC judges normally expect that anyone desiring to vary motor voltage would place a variable resistor in the circuit between the battery and the motor. But this was not the case. Using older batteries at home, Aaron’s trials worked reasonably well. He seemed quite surprised when he discovered that a fresh battery at competition drove his car too fast. The quick fix was to drain the battery down to where its lower voltage produced the most effective speed.

Winning the Event
Students correctly figured out that an efficient bumper attached to their car, one that made actual contact with the soda bottle pins, was necessary in order to knock them over.

As did a number of other competitors, Aaron had a front bumper attached to his car which cleverly raised a push bar to a height well above the center of gravity, close to the tops of the soda bottles. Two ¼ inch wooden dowels, glued to a flat piece of wood serving as their base rose parallel to each other but tilted forward on an upward angle of about 60 degrees vertical, away from the base. Another long ¼ inch dowel, the push bar, was glued horizontally to their ends and served as the rake to knock the pins over. The flat base holding the two rods was attached to the front of the car by means of two butterfly squeeze type clips. This particular bumper could easily be removed and replaced by another clever mousetrap device, capable of sweeping the pins off their bases when the trap was sprung upon impact with the bottles.

Aaron was not sure of the legality of the mousetrap-powered sweeper. A meeting was held before the event with the officials to determine whether or not the rules allowed for a secondary source of stored energy. The official decision was that according to the posted rules and regulations, the car was legal. In the end Aaron scored the maximum score he could have on two runs with his raised dowel rake bumper. He didn’t need the points scored by the mousetrap-powered sweeper.

For engineering purposes we felt that Aaron’s mousetrap idea was very fitting for the event and should be described in this article.

In placed of the raised “push bar” removable bumper, a mousetrap was turned on its side and attached to the front of the car so that the “set” trap faced the bottles. The trap had a foot long ¼ inch dowel attached to the wire hoop that catches the mouse. Normally the trap lays flat on the floor but this one was perpendicular to the floor. The rod ended up positioned off to one side when the trap was set. The first part of the car to hit the bottles was the little cheese lever holder that holds the trap in set position. Contact between bottle and cheese holder released the set trap. The rod, attached to the lethal wire rectangular mouse catcher, swept through a 180 degree angle, its end covering an arc with a base of about two feet.

More about Aaron
Aaron’s father, Glen Haegele, is the owner and operator of a third generation family owned business in Philadelphia, the Haegle Bakery. His grandfather still comes in everyday to work in the bakery. Aaron’s mother, Cheryl Haegele is a registered nurse. Aaron has an older brother, 22 years old, who is a graduate from Rowan University with a BA in math and education. He also has a younger brother Elijah, 12 years old who is in seventh grade.

Aaron is very interested in meteorology. He spends time with his weather measuring devices at home and tracks weather systems as a hobby. His future career hopefully will be in meteorology, not broadcasting weather as a weatherman, but doing research as an atmospheric scientist. Aaron will graduate this June and will attend California University near Pittsburg, Pennsylvania in the fall.  This Pennsylvania based, California University provides 30 different degrees in engineering. Aaron hopes to complete a BA in meteorology and then move on to grad school with the ultimate ambition of getting into NSA weather research.

Typical of most excelling high school students, Aaron is more than  “one-dimensional.”  I asked him to provide this article with a list of some of his extracurricular activities. Aaron provided the following.

“School Activities: I am a member of the National Honor Society (NHS), expert witness in the Vincent J. Appruzzese Mock Trial Competition, Varsity Boys Cross Country, Varsity Boys Volleyball, Physics Olympics member, World Affairs Council of Philadelphia Global Economic Forum participant and a participant in the Burlington County Math League”
“Other Activities: Acolyte at First United Methodist Church of Moorestown, U.S. Sailing Instructor at Riverton Yacht Club, Lifeguard, baker at family business Haegele's Bakery. Interests include skiing, sailing, fishing, hiking, biking, running, volleyball and of course the weather. Overall I enjoy being outdoors and also small hobbies such as building/ fixing things. I enjoy tinkering around the house and building projects such as the electric car. I have built a go-cart, tree house, sailboat, and other related projects besides numerous fixes and improvements.” 
Section From a Previous Letter of Recommendation

(Written by Aaron’s Physics Teacher
Mr. Michael McConnel)
“Aaron is not one to back down from a challenge.  He typically focuses on the build ahead events for Physics Olympics.  The build ahead events typically require far more individual work than the rotation events which are completed at the meet. Aaron always puts a lot of thought and effort into his designs.  He was working on a bridge and realized that his design was not going to be up to code and decided to rebuild it from scratch.  Attention to detail, application of concepts, and willingness to sacrifice his personal time have made Aaron successful in Physics Olympics and in AP Physics at Cinnaminson High School.”

“Aaron has been focused on being successful in everything I have seen him attempt.  In addition to his school work and Physics Olympics Aaron is also highly active in other extracurricular activities in the school such as mock trial and volleyball.  He also works at his family's bakery.  I can recall days leading up to holidays where Aaron has been up until 5:00 AM working at the bakery only to have a full day of school the next day before starting his holiday.  I believe that his willingness to work late hours and then come back and be fully focused in school the next day means that he has the discipline to succeed in any of the geosciences he chooses to pursue.   He is also extremely helpful and considerate.  He has on many occasions offered to stay after class during his lunch period to help clean up lab materials when the period ends.  He is certainly deserving of the opportunity to be considered for the SEG Foundation Scholarships. “ 

Summation
Our annual recipient of the “EEVC  Ron Groening Best Car Award  Honor For Excellence in Engineering in the 2014 Physics Olympics” went to a most worthy student from Cinnaminson High School, Cinnaminson, New Jersey. Aaron has excelled in an outstanding high school physics program. Congratulations to Aaron Haegele, his teammates, parents and family, and physics instructor, Mr. Michael McConnel.  Job well done!
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EEVC members Alan Arrison and Annabella Wood inspect the electric car entries at the Physics Olympics
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Aaron’s mousetrap sweeping bumper
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Aaron’s car hitting the head pin. The result was a “STRIKE”
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Marian Venturini (at right) Interboro High School Physics Instructor, supervises the Electric Bowling Car Event
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Cinnaminson High School  chemistry Teacher and assistant Physics Olympics coach, Jane Lohan, filling in for head coach Mike McConnel, proudly stands next to the EEVC Award winner, senior Aaron Haegele.  















