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Introduction

Traditional machining techniques (typically using a spinning bit to remove material) are
inappropriate in certain applications because the heat produced by the machining process alters
the material properties of the part (for example, some metals become brittle as a result of work-
hardening). In aerospace applications, for instance, where any loss of nominal material properties
could result in a part failing, a different type of machining process proves helpful (Dixit & Jose
Matthew, 2022).

Electric discharge machining is a manufacturing process that uses small, repeated
electrical sparks to slowly remove material to produce a part. Little of the spark energy goes to
heating the bulk material, so that the bulk material properties of the part remain unchanged. Each
spark represents a delicate balance between delivering enough energy to remove material and
delivering so much energy that the tool and workpiece weld together, ruining the part (Dixit &
Jose Matthew, 2022). For this reason, specialized electronics are required to control and monitor
the electric discharge machining process for optimal, safe operation. My capstone group and |
aim to design and construct a model electric discharge machining setup. This project
encompasses electrodynamics, thermophysics, electronic design, control theory, and embedded
systems program; as such it is an excellent way to synthesize knowledge from fields across
electrical engineering to construct a fairly complex device.

My sociotechnical research addresses a topic I care about that is not directly tied to my
technical capstone. American cities rely on their transportation infrastructure to thrive, but my
opinion, backed by a wide body of research, is that automobile-centered patterns of development
have begun to strangle their growth (Newman & Kenworthy, 1999). Automobile-centered
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environmentally (every man-hour in traffic means more atmospheric carbon), and economically,
socially (every man-hour in traffic is time not spent enjoying life or creating value) (Gehl, 2010).

My sociotechnical research will study the proposed solutions to these problems. I will use
a multifaceted approach (described later on and involving both interviews and a sociotechnical
analysis) to evaluate these proposed plans for urban development on the basis of their
effectiveness at reducing automobile dependency and improving quality of life for residents.

Although solutions to automobile-centered development may appear unrelated to
electrical engineering at first glance, there are actually two key ways in which my sociotechnical
research ties in to my technical field. First, electrical engineers are instrumental in the
development of transportation technologies of the future: electric cars, trains, buses, bicycles,
and trams. They also contribute to the telecommunications technologies which tie the
transportation system together (a smart city might gather data to inform future development), or
even render it irrelevant (remote work software). Second, and more importantly, the problem of
urban mobility bears key resemblances to technical problems which appear in electrical
engineering. The routing problems which arise in high-density integrated circuits is analogous to
the difficulty of finding space for roads. Another example: the same mathematics used for
electrical network analysis can be applied to transportation networks to predict patterns of usage.
Electric discharge machining system

In the Introduction, I stated that electrical discharge machining is superior to traditional
machining processes when cutting parts out of aerospace alloys. My capstone project team is
building an electric discharge machining system with a particular aerospace application in mind:
we aim to form the regenerative cooling passages of a jet or rocket engine into a block of metal

to demonstrate our system. The heat produced by these engines is so great that circulating



coolant would quickly boil; instead, the fuel itself serves as coolant, flowing through passages
built into the engine walls before combustion (Huzel & Huang). The traditional manufacturing
process for these passages involves milling canyons into the oustide of the engine walls, then
electrochemically plating metal over the canyons to seal them off. Multiple steps are involved,
and, because the inner engine wall must be milled, superior alloys not compatible with milling
must be ruled out (Huzel & Huang). Electrical discharge machining presents a simple alternative:
cut regenerative cooling holes directly down the engine walls, regardless of the alloy.

Electric discharge machining is a manufacturing process that uses small, repeated
electrical sparks to slowly remove material to produce a part (Dixit & Jose Mathew, 2022). Little
of the spark energy goes to heating the bulk material, so that the bulk material properties of the
part remain unchanged (Dixit & Jose Mathew, 2022). A high voltage is applied to the narrow gap
between the “workpiece” (a metal block to be cut into) and the “tool” (a metal extrusion of the
same shape as the intended hole), and, when the electric field becomes strong enough, electrons
are torn off atoms in the gap to form a conductive state of matter known as plasma. A great
electric current flows through this plasma, with electrons leaving the negatively charged tool to
strike the positively charged workpiece with great energy, enough to vaporize a small amount of
workpiece metal (Raza & Nirala, 2021). A continuous flow of water carries the metal vapor
away so that it does not recondense (Dixit & Jose Mathew, 2022). By means of many such
sparks each second, material can be slowly removed from the part.

Developing an EDM system presents several significant technical challenges. The main
challenge is that the physics of the breakdown process is poorly understood, so that we cannot
predict in advance how the sparks will behave and have to design our device with a large

envelope (Raza & Nirala, 2021). A high-speed, high-current electronic switch must be designed



to control the duration of the sparks without risk of failure. A reliable method of detecting the
onset of a spark must be devised and applied to interrupt the spark current after the appropriate
amount of energy has been delivered: too much energy, and the workpiece and tool will weld
together; too little energy and material removal will occur very slowly. Because the electrical
energy must be immediately available to supply the spark, an appropriate capacitor must be
found to store the energy near the spark gap which will not be damaged by fast discharge. The
presence of high voltages in the system presents difficulties as well. The device must be designed
for remote operation, so that the user does not have to approach the high-voltage components.
Evaluation of urban development plans

A century of automobile-centered urban development has brought American cities up
against a scalability asymptote in terms of the economic, environmental, and social costs of
further growth along these same lines, and it is long past time to search for new development
paths to follow in the future (Newman & Kenworthy, 1999). Several development proposals
exist, including the compact city, multimodal development, the natural city, the village city, and
transit-oriented development, among others (Le Clercq & Bertolini, 2003). These proposals are
not mutually exclusive, and the optimal solution may well lie with some combination of them.
My sociotechnical research aims to evaluate the effectiveness of each development plan for
reducing automobile dependence and enhancing the quality of life for residents.

My sociotechnical research effort will consist of three main phases: a literature review, an
interview campaign, and an analysis using sociotechnical frameworks to draw conclusions. The
literature review will survey the proposals for urban development that aim to address the

problems of car-dependent cities. I will not yet attempt to evaluate each development plan for



effectiveness; I will simply enumerate the major existing proposals and try to understand their
essential characteristics in order to support the subsequent phases.

After the literature review, [ will conduct an interview campaign, speaking to a few dozen
people living in major cities of the United States and Europe. I plan to begin each interview by
asking how the mobility options in the subject’s city affect his daily life. I’1l transition into open-
ended questions about how often (and in what circumstances) the subject becomes aware of how
his city was planned, and how he might like to see it improved. In order to gather data on how
each subject views the various urban development plans, I plan to present him with a series of
images generated by modifying a photograph of a public place in his city according to each
proposal I discover in the literature review. I will then ask the subject to explain which
development plans he would prefer to see in his city, and why he holds that view. My
methodology follows closely the semi-structured interview approach of Nello-Deakin &
Nikolaeva (2021), coupled to the geographically comparative approach of Pelzer (2010). The
modified-photograph technique is inspired by the work of Gehl (2010).

The sociotechnical analysis will employ the theory of actor networks to synthesize the
data I gather in the previous two phases (the literature review and interview campaign) and allow
me to evaluate the various urban development plans on the basis of their effectiveness at
enhancing the quality of life for residents of American cities. I plan to construct an actor network
consisting of at least (more elements will occur to me as I research): the mobility infrastructures
(roads, railways, cycle lanes, etc.), mobility technologies (automobiles, trains, bicycles, etc.),
spatial distributions of activities (e.g. the locations of homes, offices, and shops), development
administration, and resident population. This last I will model using the results of the interview

campaign.



The reason I choose to include the resident population is that the ideology of residents
surrounding their city’s development path can have an outsize impact on how effective each
development proposal ultimately is (Nello-Deakin & Nikolaeva, 2021). My research thus far
suggests that residents participate in the network not only in a technical sense, as consumers of
mobility who make economically rational decisions about how and where to travel, but also in a
social sense, as transportation activists. According to some theorists, city dwellers with a strong
ideology around urban development can make decisions about mobility that are economically
irrational (Dieleman & Wegener, 2004; Le Clercq & Bertolini, 2003). Thus a common sentiment
among residents about how a city should develop can serve as a kind of “social momentum” to
amplify policies and enact change.

Conclusion

My technical capstone will be complete when my group has realized our own electrical
discharge machining system with at least the minimal features set out in our project proposal: the
device should be able under remote operation to cut a hole in a block of aluminum. My group
will also produce a detailed technical report documenting our design decisions and how these
might be improved in hindsight. The technical report in particular will prove valuable to other
electrical engineering students interested in learning about this important but complex
manufacturing process, and, if the system works, I hope this inspires future students to pursue
ambitious capstone projects.

The question of how cities should be developed in the future to ameliorate the problems
of car dependence is a pressing one because we are running up against the scalability limits of
the current system at present. My sociotechnical research will be complete when I have pursued

all three phases of research and produced a summary of my findings. I will conduct a literature



review to understand the proposed solution to car-dependence, interview people in cities across
the U.S. about how they would like to see the transportation infrastructure of their cities change
in a comparative study, and examine these findings through the lens of actor-network theory to
finally evaluate the effectiveness of each development plan identified in the literature review. I

expect to find that a combination of several of the proposals would be most effective.
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