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Brian Soars
Williamsport Area School District, WAHS
2/25/21- 5/28/21
Roughly 4 months
24
9-12

Description of Activity:
We were first asked by our physics department to repair a CO2 car-launching mechanism
which was held to a piece of wood with rubber bands and hot glue. We disassembled the unit and
removed the firing pin, chucked it in our conversational CNC lathe and cut a new tapered point
on it, case hardened the tip and returned the unit to service. After more discussion we learned
that it would be best if they could launch two cars at once. It was an interesting project, so we
asked them to define their criteria, and my students went to work.
I have 3 levels of double-period machining classes (mixed levels) as well as a CAD class and
an “Introduction to Machining” course. We are always working on all sorts of jobs, so we
worked this in across all of the levels, as each operation may have pertained to what those
students needed to see at that time. Some of my advanced students never worked on it as they
were doing other things, etc. Projects like this are usually one “teachable moment” after another.
The CAD class took on the design process as it related to the device. They learned to use
precision measuring tools and measured the original launcher, and established those critical
components as constraining dimensions- such as the height of the firing pin and the guide string
from the floor, and the suggested 8” between each car. The CAD students completed all of the
drawings and attempted to solve for the various fits required. We used shrink fits, press fits,
.001” over reamed holes, pressed bronze bushings, drilled and tapped holes in various materials
and discussed alignment and practical assembly, tolerances, etc. It was necessary for them to
communicate with the physics teacher on several occasions to determine his specifications. The
design they settled on wasn’t chosen because it was the most efficient- but they thought it would
be fun to make and it would have a more dramatic appearance during operation. Here are some
photos of board sketches from that design phase:
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It was determined that it was necessary for the (loose) car to have some means of positively
engaging the firing pin to guarantee that both CO2 cylinders would be punctured each and every
time. The firing pin also had to be enclosed and protected while loading the cars so that the
potential for premature ignition could be eliminated. This problem was solved by incorporating a
Neodymium magnet within a PVC bushing- and hiding the magnet within the assembly.

The firing pin needed to be sharp, hard and durable- just like a scriber point. Fortunately, we
have lots of those on hand, so we made a firing pin holder from mild steel on our CNC lathe, and
case hardened the end to be struck in our forge. The firing pin hole was drilled and reamed
manually in our CNC lathe for a very close fit, and then super-glued for good measure. Here we
discussed fits and retaining compounds such as various Loctite products, etc.

The firing pin and holder are supported by two bearing surfaces, one on what we called the
“Strike Bushing” and the other by the firing pin itself within the PVC “Guide Bushing”. The
strike bushing afforded protection and retention to the firing pin holder and internally was
counterbored to accept a short, larger diameter section of the firing pin holder-designed to serve
as a bearing surface.

There is a special spring (see above right photo) between the firing pin holder and the guide
bushing- serving to keep the firing pin out of battery unless struck. We made a mandrel in order
to make the springs, and a guide tool to direct the music wire around the mandrel. We used this
assembly in a lathe to create the springs from scratch.
The guide bushing is counterbored to accept the firing pin holder and firing pin- but enough
material was left intact to support the internal spring. The students had quite a time lining up a
Bridgeport head at just the right angle to apply the counterbore from the back side at just the
right angle (as shown in the earlier photo). The magnet had to be very close to the edge of the
plastic wall, but not so far as to penetrate through and reveal the secret plan for retention. Several
sacrificial parts were used until a final method for holding the part and reproducing the operation
were determined to be successful and repeatable.
This assembly serves to contain and restrain the motion of the firing pin, protecting against
accidental discharge while assuring proper alignment of the firing pin mechanism.
All of the bushings were programmed by our students on a ProtoTrak 1630RLX lathe, with
some second operations performed on Clausing manual engine lathes.

This assembly exists in duplicate within a large steel block, 1.5”x2”x9.5”. There are external
threads on the guide bushing and strike bushing, ¾-16 NF, which allow both parts to screw into
opposite ends of the same continuously-threaded hole. Due to the length of the hole and the lack
of required strength, we opted for a 50% thread engagement on the I.D. This guide block was
programmed and cut by our students in a conversational, 3-axis ProtoTrak DPMSX5P bed mill.
The top block of identical size was programmed on a Sharp knee mill with a 2-axis ProtoTrak
EMX conversational control. This machine is less accurate and less rigid, but it was available at
the time. This block involved some heavy slotting, drilling, boring, tapping, reaming and a high
degree of repeated positional accuracy. It also required the students to hold a 9.5” block in a
manner in which they could drill and tap holes from the ends. They used squares and angle
plates/C-clamps to hold the workpieces while completing these operations.

It should be understood that the concept of two spring-loaded hammers mounted high above
individual firing pins was done for effect and an apparent “cool factor” as interpreted by our
students- not necessarily because it was the best method by which to simultaneously launch two
cars. They thought it would be fun to build and exciting to watch in operation.
From that perspective- the hammer assembly needed to be light. We had a bucket of old valve
springs from small engines, so they elected to use the springs to enhance the acceleration of the
hammers. After all, this was for a physics class, so we had to consider the force necessary to
pierce the CO2 cartridge, and be sure that we could accelerate our hammers enough to overcome
the firing pin retention spring- and still hit the pin holder fast enough to accelerate the firing pin
through the cartridge- without simply pushing the car away from the holder. We measured CO2
cylinders, wall thickness and experimented with various point designs- and found a scriber point
to function perfectly. They determined that our small engine valve springs would provide enough
force to do the job- but thought it prudent to use tubing for the hammer shafts instead of solid
steel round stock. Here is a photo of the complete assembly:

The choice of steel tubing required that we machine stub-shafts to attach the tubing to the
lower pivot point, as well as something by which to attach the hammer heads. The lower shafts
were machined from ¾” round stock, turned to fit into the reamed and countersunk tubing. From
that profile we flipped them and drilled them in a manual mill to accept a bronze bushing. Once
the holes were carefully deburred, we pressed the bushings into place and reamed them .001 over
to accept a piece of ¼” polished drill-rod as a pivot pin. This pin is secured within the upper
block with a small set screw. The bushings were then trimmed to width relative to the centerline
of the rod-end by a milling machine- being careful to set the hole parallel to the table surface
with an electronic protractor affixed to a piece of drill rod, which rested through the center of the
bushing. These rod ends were then chilled with a cold-air gun and the tube heated with a torch,
and the assembly was driven together for a solid shrink fit. Those fits were +.003”, the rod top fit
will be much lighter so as to facilitate easy assembly and minimize any distortion.

The trigger assembly is almost finished, it just needs a little filing and deburring. The trigger
itself is mounted on a riser which has an angled cut to prevent overtravel, and a hidden spring
and plunger to ensure constant engagement of the sear surface to the crossmember. We borrowed
this spring from a pen, and adjusted its tension from the bottom with a small set screw. The
crossmember is a piece of aluminum, chosen for its light weight.

The hammers have yet to be finished, they exist as rough turnings that still need to be drilled
and tapped. There is a base that welds to the bottom block, etc. The cylindrical risers need to be
turned to the correct press-fit diameters and then assembled to the top and bottom blocks. The
students are excited to return next fall and finish the parts and complete the final assembly. Here
is a rough “stack” of the parts as they exist right now, awaiting final fitting and assembly.

Due to the depth and breadth of the project, the shop was often very busy. The drawings
weren’t perfect, a re-run of the bloopers would last a week in itself. I don’t think it would be very
helpful to have the specific drawings and exact dimensions for replication- as the process is what
is important, not the product itself. Each class of students and available machines or materials

may produce different results. I think mistakes are sometimes the most valuable way to learnand there are many places here where we could talk all afternoon about mistakes or corrections
related to tool offsets, fits, threads, tolerances, materials, constraints as they apply to tooling,
machinery, operator ability, setup time, etc. The take-away here is that the students could work
on a practical problem, for another teacher who many of them also had for physics- and so there
was real meaning to the problem. We covered a wide array of topics that are difficult to
incorporate into one single, regular experience. As the students made their way through the
project, they had to ask questions and find answers- instead of simply following pre-printed
directions toward a known outcome.

What elements from your Manufacturing Externship were used in the preparation or
delivery of the unit? (i.e. robot, PPTs provided, information gathered from discussions or
tours, etc.)
As a precision machining instructor- almost everything we covered in the Externship in regard
to machining- are topics that we apply every day. The big push for me was to go out and find an
academic teacher who had a problem that we could solve in the shop. I wanted to solve their
problem in a way that would serve as a recruiting tool for our program. From this point forward,
every student who has physics in our school will have the opportunity to use our CO2 car
launcher (once we finish it). We could even take it to career fairs or use it as a desktop display of
the kinds of activities we are capable of in our shop. The project incorporated all levels of my
classes, as well as afforded some communication between two worlds which don’t normally
collaborate during the school day. One goal was to increase student and teacher awareness of
what we do in our program, and the many opportunities it can provide to the multitude of
students who otherwise would have never known that it could be an option for them.
Adults in our building who were relatively unfamiliar with our curriculum were surprised at
the level of “engineering” that could occur in a class that many didn’t understand prior to this
project. To most people, we are simply a “metal shop”, located in the furthest corner of the
building, down the hall from where the “woodshop” used to be. Hopefully after this project and
many more like it, we are now seen as an opportunity, adjacent to the engineering lab- where
students can train for an exciting and rewarding career in any number of manufacturing-related
fields.

How were students engaged with the unit? What hands-on activities occurred?
Design discussions, CNC mill and lathe operation, benchwork, layout, precision measurement
skills, grinding, turning, milling, sawing, drilling, reaming, circular interpolation, helical milling,
tapping, pressing bushings, materials, workflow, communication skills- there was a little bit of
everything in this project as detailed above.

Explain connections that were created/discussed between manufacturing careers and
higher education.
A recent graduate of my program who just finished his Journeyman’s Apprenticeship (Norcen
Ind.) presented to our students during this project and they asked him about his education. He
explained the apprenticeship program and his Journeyman’s certificate. We discuss the path to
employment almost every day in my class, in one way or another. In essence, the individual
decision comes down to a “value-added” approach when determining what a reasonable “return
on investment” would be, given that which the path of higher education could provide.
Depending on the interest and aptitude of a given student relative to their individual career goals,
higher education may be the answer, or an apprenticeship- or even just on-the-job training. It is
really an individual choice relative to those factors- but we certainly discuss those factors from
an employer’s perspective. In this job market, practically every employer is looking for young
people who want to work. In many cases, manufacturers have programs that include tuition
reimbursement, or apprenticeship programs, etc.
How did students respond to the unit?
It was received very well. It made the rest of the year fly by as if it were going 100mph. There
was always a new and exciting setup waiting for them in the shop each day. They enjoyed telling
their physics professor that it was coming along well, we’re almost done (for several months).
They enjoyed solving the problems that came up, and they are looking forward to finishing the
project when they return in the fall.

Were parents involved or aware of the unit? What was their response to the activities?
Parents are always appreciative of all that we can do for their students. I keep in regular
contact with many of my students’ parents. They are always amazed at the opportunities
provided to their children at our school, and they usually say that they wish similar subjects were
available when they were in school. I strive to connect my students and their families with
employers and bring all of it together on a regular basis. Any “Shop class” is usually a student’s
favorite class, especially when you are forced to attend most of your classes online. Parents like
this class because they know that it will lead to a good job and a stable income for the rest of
their child’s life- with highly transferrable skills. As for the specific project, they typically react
to its apparent complexity-and that there are so many little moving parts. They are generally very
impressed at the value-added concept that their children are getting a little bit of engineering, and
machining all in one package. They appreciate having dinner table discussions that are engagingwhere the student is excited each night to explain what they did in “shop class”.

A goal of this program is to make advanced manufacturing education and information
available to high school students. As such, Penn College is attempting to build a repository of
activities that can be used across the K-12 environment. In the subsequent pages, please provide
additional information on the lesson/units you implemented so that others can implement similar
activities in their classrooms. Please be sure to include any material lists, photos/evidence of
student work (not of student participants), and any other relevant information required to
implement in another school.
*By submitting this form, you acknowledge all information is accurate and correct to the best
of your knowledge and you agree to the sharing of this information via publicly accessible
websites.

